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INTRODUCTION 


Reinforced concrete is a rational union of concrete and steel (rein- 
forcing bars) combined to act jointly. Plain concrete (without steel 
bars) possesses great resistance to compression but is much weaker in 
tension, and when tested under a load that produces tensile stresses, 
will have very little carrying capacity. But reinforced concrete, 
with steel bars in the ten- 
sion zone to take advantage 
of their great resistance to 
tensile stresses, will sustain 
enormous loads. 

For example, in a beam 
freely supported at its ends 
(Fig. 1, a) the tension created 
by the load P in the lower 
half is borne by the steel 
bars, while the corresponding 
compression in the upper part 
is sustained by the concrete. 

In a cantilever beam (Fig. 

1, b) the tension is in the 
upper part where the rein- 
forcement must therefore be 
placed. 

Steel resists compression as Fig, /. Sketch showing position of bars 
well as tension, for which in reinforced concrete beams 

reason it is rationally em- 
ployed to increase the carrying capacity of reinforced concrete units 
undergoing compression, such as columns. 

Joint action of the steel and concrete in reinforced concrete is made 
possible because of the following factors: 

1) Bond between the concrete and bars after hardening of the con- 
crete. This assures mutual deformation of both components under 
load-carrying conditions. 

2) Absence of corrosion of embedded bars 'll the mix contains a cor- 
rect amount of cement and is of adequate density. 
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3) Similar rales of thermal expansion for both components 
(0.00001 toO. 000015 for concrete and 0.000012 for steel), resulting in 
negligible incipient stresses from temperature changes up to lOO'" C 
and therefore excluding the possibility of slipping between the steel 
and concrete. 

A feature of loaded reinforced concrete is the creation of fissures 
in the tension zone. Nevertheless, under normal load conditions 
such cracks will progress very little and not interfere with the work 
of the given member. 

When high-strength steel is used for reinforcing bars (which are 
thus subject to considerable tensile deformation), or when the con- 
crete must be watertight (in reservoirs, piping, etc.) crack forma- 
tion may be either prevented or limited by the process of pretension- 
ing the bars and consequently compressing the concrete before the 
designated load is applied. This method produces what is known as 
prestressed reinforced concrete. 

Reinforced concrete is popular because of its durability, fire and 
weather resistance, great strength under static and dynamic loads, 
ability to arrest radioactive radiation, low upkeep, and also because 
its component aggregate is readily available everywhere. 

However, a number of objectionable features are involved in its 
use: it is very heavy, has low sound and heat insulating value, re- 
quires forms within which it must be retained until it hardens, and 
must be heat cured while hardening in winter to avert its freezing. 

But thanks to modern prefabricated reinforced concrete elements 
and prestressing methods, the above objections are either being grad- 
ually eliminated or their negative qualities neutralised, resulting 
in an ever-growing demand for reinforced concrete. 

Many types of structures include reinforced concrete as their 
principal material: factories (Fig. 2), trestlework, warehouses 
(Fig. 3), garages, silos, hoppers, reservoirs, and smokestacks. It is 
also widely used in hydraulic works, powerhouses, underground 
urban railways, and bridges. In recent years it has become the 
mainstay of housing development (Fig. 4), civic buildings, and a 
number of types of farm structures. In the Soviet Union, electric 
plants powered by nuclear energy use reinforced concrete shields to 
guard their personnel against liarmfiil radiation. 

The adoption of reinforced concrete in place of structural steel 
makes a two-fold cut in steel expenditure, which is very important 
for the national economy. 

Reinforced concrete is classified according to methods of fabri- 
cation: it is in-situ when cast in place and precast if the units are 
produced in a plant or in a casting yard and subsequently delivered 
to the site for assembly. 

Precast reinforced concrete is well suited to industrialised means 
of construction, which happily combines this factory-made product 
with mechanised handling methods. 
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In comparison to in-situ construction, precast reinforced concrete 
reduces manual labour three- and four-fold on the site, cuts erection 
time and saves material that would otherwise go into formwork and 
scaffolding. All this has placed precast reinforced concrete in the 
fore and elevated the building trades to a new technical level. Its 
efficient use requires typified plans and standardised reinforced con- 
crete structural details for all types of buildings. 

The adoption of reinforced concrete began in the 2nd half of the 
19th century, when industry and transport first began their expan- 
sion. Certain kinds of construction combining concrete and steel were 
already known in the 1850’s. The first 
patent for simple articles made of this 
material was issued in 1867 to a French- 



Fig. 2. Reinforced concrete factory building 

a --on c-slorcy; niiilli -storey 


The year 1886 marks the initial appearance of reinforced concrete 
in Russia, and in 1891 professor N. A. Belelyubsky conducted some 
public tests in St. Petersburg on a miinber of types of reinforced con- 
crete construction which helped to encourage its use. The first theo- 
retical treatises on the design and practical application of this mate- 
rial were the work of the French scientists Considere and Hennebique, 
the German engineer Morsch, and others. 

At the end of the 19th century the main principles of safe stress 
computation had already been formulated, based on Strength of 
Materials and Structural Mechanics. The first codes of practice on 
reinforced concrete were compiled in 1904-1908 in Germany, France, 
and Russia, and during the ensuing period the material became 
widespread in the erection of industrial and civic structures. 
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Considerable impetus was lent to the development of reinforced 
concrete by the Russian scientists 1. S. Podolsky, A. F. Loleit, 
G. P. Peredery, and others. 

The Volkhov hydropower plant, built in 1921-1926, was the 
first large project in the U.S.S.R. to adopt reinforced concrete. Both 
the plain and reinforced kinds were employed in later construction 
of hydropower stations on the rivers Dnieper and Svir. 

The colossal scale of construction in the U.S.S.R. and the need to 
save steel gave reinforced concrete a dominant position in indus- 



Fig. 3. A rcintorced concrete warehouse in Hungary 


trial structures, where it gradually began taking the lead in the 
1930’s. Although in-situ reinforced concrete was used in the main, 
some sites pioneered with precast methods. Research was also begun 
by a number of laboratories and other scientific institutions. 

In the 1920’s the idea of prestressed reinforced concrete, first suggest- 
ed at the end of the last century, became a reality due to the work 
of E. Freyssinet, a noted French engineer. In the U.S.S.R., V. V. Mi- 
khailov was the first to contribute to its study. 

In 1931-1933 the Russian scientist. Professor Loleit, developed 
the basic principles of a new method, according to which reinforced 
concrete is computed on the basis of failure stresses. This method, 
which approaches closer than before to the material’s actual elasto- 
plastic nature, was thoroughly tested and received its finishing 
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touches under the direction of A. A. Gvozdyov in the Reinforced Con- 
crete Laboratories of the Central Institute of Industrial Structures, 
which issued new designing codes and specifications in 1938. 

Important contributions to the new theory of reinforced concrete 
were also made by the Soviet scientists P. L. Pasternak, V. 1. Mura- 
shov, Y. V. Stolyarov, and others. 

The last decade has been especially fruitful of rapid progress in 
this field. Radical alterations have been made in the design of rein- 
forcement, prefabricated into spot-welded blocks and mats for pre- 
cast members. In the realm of theory, calculating methods have been 
evolved for rigidity and fissure resistance in construction and for 
determining stresses along diagonal planes. Advances have also 
been made in the design of prestressed units. 

Building construction is going over more decidedly to prefabri- 
cated precast reinforced concrete. Further developments must 
aim at structural types that will promote mass mechanised output, 
decrease weights of elements, and reduce costs by introducing thin- 
walled prestressed members made of high-density concretes and high- 
strength bars. 



c n A p T i: R I 

PHYSICO-MECHANICAL PROPERTIES OF CONCRETE, 
STEEL BARS, AND REINFORCED CONCRETE 

See. I. CONCRETE 

1. Role of Concrete in Reinforced Concrete 

The concrete in reinforced concrete iniist be durable and capable 
of bonding well with the steel bars. It must be sufficiently dense 
(impermeable) to protect the bars against corrosion and must contain 
at least 225-275 kilograms of cement (depending upon the intended 
use of the structure) to each cubic metre of concrete. The cement, 
as the binding agent, can be either ordinary portland, trass, slag- 
Portland, or alumina cement, not less than 200-grade, the choice 
being determined by the character of the given construction. 

The stillness of the concrete batch is determined by the water -ce- 
ment ratio (w-c), measured by weight of the water in relation to 
the cement, and is selected to secure w orkability of the mixture. The 
w-c of a plastic batch ranges from 0.7 to 0.5, wliile that of a stiff 
one is from 0.4 to 0.3. 

StilT mixes produce concrete of great density and strength, re- 
quire less cement, and can be stripped in a shorter time. Such mixes 
are rational for precast units produced in a plant wliere the use of 
mechanised vibrating equipment (vibrating tables, vibrating tamp- 
ers, etc.) results in a highly compact mix. Good density is obtained 
from correct choice of aggregate, a minimum w-c ratio, and an 
efficient vibrating process. 


2. Structure of Concrete 

Chemical interaction of the cement and w^ater in the batch causes 
a reaction known as hydration, in which the cement minerals become 
chemically united wdth the w^ater. The greatest portion of the result- 
ing compound turns into a gel, but a certain part attains a crystal- 
line structure. Warmth and moisture cause the doughlike paste to 
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harden: the crystals penetrate the gel and join with each other, 
while the gel itself gradually thickens, hardens, and decreases in 
volume. Mechanical agitation of the mass directly after placing 
causes the cement grout to envelope every particle of inert aggregate 
and bind all into a monolithic whole as the mass hardens. The hard- 
ened cement grout is known as neat cement. 

As already stated, the amount of water for the mixture is deter- 
mined by its required workability. But only a minor portion of this 
water, or about 20% by weight of the cement, enters into the chemi- 
cal reaction. The remainder is superfluous. It dilutes the gel, and 
together with the air, partly fills the micropores (capillaries) of the 
hardening concrete and slowly evaporates. 

Thus it may be said that concrete in structure is a coarse non-ho- 
mogeneous body of unsyminetrically arranged aggregate of varied 
size and form, held firmly together by the neat cement, the whole 
containing pores and voids filled with moisture and air. This struc- 
ture determines the physico-niechanical properties of the concrete, 
the physico-chemical phenomena that goon within it during the hard- 
ening stage (crystallisation, decrease in gel volume, evaporation 
of surplus water, etc.), and the subsequent alteration of its proper- 
ties in the course of time. 

3. Contraction of Concrete and Initial Stresses 

When hardening in the air, concrete lessens in volume, but if the 
process takes place under water it expands slightly. A decrease in 
volume is known as shrinkage or contraction, an increase is called 
swelling. Tests indicate that the amount of contraction is 2 or 3 times 
greater than a corresponding amount of swelling. 

Contraction is caused by a number of circumstances, the main 
ones being shrinkage of the hardening gel, and the capillary action 
accompanying the movement and evaporation of water in the micro- 
pores. The exact amount of contraction will depend upon the compo- 
sition of the batch and the environment in which it hardens: an in- 
crease of water and cement per unit volume of concrete mixture will 
make for "greater contraction, but shrinkage will be lessened with 
a greater moisture content of the environment. The most intense 
contraction takes place during the first hardening stage and in the 
course of the whole following year. According to experiments, the 
rate of volumetric deformation resulting from contraction ^ at- 
tains a value of 0.0003. 

Contraction stems from processes within- the neat cement: the 
latter’s free deformation is restrained by the aggregate, and initial 
stresses are created in the concrete. A number of practical measures 
have been adopted to counteract this during the hardening process: 
wetting the surface, increasing the moisture content and tempera- 
ture of the environment, etc. 
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4. Strength of Concrete 


An external load will create composite stresses within the concrete 
because of its structure; the existence of pores and voids and dissim- 
ilarities of resistance and deformation between the neat cement 
and individual aggregate particles will cause stresses to concentrate 
around the pores (Fig. 5, a). Perpendicular to the line of pressure, 
these stresses will be tensile. Stresses in bordering areas will be the 
sum of adjacent forces. 

When the load reaches a given value, the concrete’s tensile resist- 


ance will be overcome, accompanied by a rupture and the produc- 
tion of microscopic fissures, these 


latter gradually merging to visi- 
bility in the direction parallel with 
the compressive force of the load 
(N in Fig. 5, 6). If the load is fur- 
ther increased, the cracks will open 
until complete failure is accom- 
plished. 

Hence, the main reason for failure 
of a concrete specimen subjected to 
compre.ssion is lateral rupture due 
to inadequate tensile resistance, 
this being from 10 to 20 times less 
than that of compression. 




The absence of either a definite 
arrangement of the aggregate, or 
of order and size of the pores, leads 
to differences of unit resistance when 



testing •specimens of varying sizes 

and shapes, even when they are Fig. r>. Sketch showin? stresses in 
prepared from the same batch, a concrete specimen suljjected to 
Similar significant fluctuations. compression 

known as scattered strength val- 
ues, are even noted wherf the specimens are alike in stiape and 
dimensions. Hence, basic resistance values in calculations are 
taken from mean results procured from a great number of 
le,st.s. 


Concrete betrays great differences in resistance under various 
forces — compression, tension, and shear. Its strength also depends 
upon age, hardening conditions, and, as already noted, the shape 
and size of samples. Its resistance is therefore judged by a standard 
value or grade, which classifies the ultimate compressive resistance 
in kg per cm* of 28-day-old, 20-cm cubes that have been hardened 
normally, i. e., at a temperature of+lfi" and 90% humidity. 

State Specifications 123-55 establish the following concrete 
grades: 





a) 50, 75, 100, 150, 200, 300,400, 500, and 600 for heavy concretes 
with a bulk weight of y r;:=i 800 kg per cu nieti'e; 

b) 35, 50, 75, 100, and 200 for lightweight* concretes (of porous 
aggregate) having a bulk weight of y < 1,800 kg. per cu metre. 

Technical and economic prerequisites dictate the grade for any 
given job. For example, the practical choice for members under 
compression, such as columns and arches, would be amongst convpar- 
atively higher grades (200-300), inasmuch as the carrying capacity 
of such elements is in proportion to the concrete’s strength. For 
units that are bent by the load (bending members), such as beams 
and slabs, it is economical to choose the lower grades (150-200). 

At present, grades below 100 are used only for structures requiring 
lightweight concrete members that are safeguarded against moisture 
and frost. In foundations the 100-grade is employed, and the 150- and 

200-grades are for civic 
and industrial buildings. 
Grades 200 to 400, also for 
the latter structures, are for 
heavy loads, and likewise 
for thin-walled concrete ele- 
ments and hydraulic works, 
while grades 300-600 are 
mostly for prestressed con 
struction. In ordinary pre- 
cast members, the 200-grade 
is the mininuini that is 
usually employed. 

Age strengthens concrete; 
the most intensive increase in strength for portland-cement con- 
crete occurs during the first 28 days; but under favourable con- 
ditions (plus-temperatures and sufficient moisture) it will continue 
to grow stronger for a long time because of further growth of 
gel compactness and crystalline structure within the neat cement. 
An increase of moisture and warmth of environment will hasten the 
hardening process. The diagram in Fng. 6 illustrates this accumu- 
lation of concrete resistance. 

Resistance of cubes. When a compressive load is applied to an ele- 
ment, it is exposed to longitudinal compressive deformation and 
lateral tensile strain. When this happens to a concrete cube, failure 
will occur through lateral rupture because tensile stresses arecreated 
in this direction by the lack of homogeneity in the concrete. The 
character of failure in a concrete cube tested for compression is 
shown in Fig. 7, a. The angle of rupture in relation to the bases of 
the cube is qualified by the friction between the plates of the press 
and the bearing surfaces of the cube. This friction interferes with 
the development of lateral deformation. The countering action of 
friction is diminished if the distance from the bearing surfaces to 


P kg/cm^ 



Fig. 6. shosxin^ strLMigth accurnu 

latidii as concrete a^es 




Force of 
friction 


/Crra'^ecf 

surface 


the middle height is augmented. If friction is eliminated by greasing 
the bearing surfaces, the cracks will be vertical (Fig. 7, b) and fail- 
ure will occur under a lesser load. With a larger cube the influence 
of friction will be decreased, as also will be the ultimate resistance /?. 

The resistance index, 
i.e., the grade of a stand- aj 
ard cube specimen, can 
only be accepted as a com- 
parative figure of unit 
resistance and cannot be 
merely incorporated into 
compression calculations 
of reinforced concrete mem- 
bers, for these latter difi'er 
from cubes both in shape 
and dimensions. However, 
cube resistance and resist- 
ance values of concrete 
members liave definite em- 
pirical relationships. 

Resistance of Prisms. 

Samples in the form of 
prisms (Fig. 7, c) can with- 
stand comparatively less 
compression than cubes of 
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h'ig. /.TlioeiTecl of friction on resistance in 
concrete specimens 


similar cross-section, because the greater height minimises the elTect of 
friction along bearing surfaces. If the relation of the prism height h 

to the base a equals -4, friction will have no practical efTect on 

ultimate resistance, as can be seen from Fig. 7, d. Prism resistance 
can serve as a strength value for compression members whose 
lateral dimensions are small in comparison to their height, a typical 
instance being an axially loaded reinforced concrete column. 

Professor Gvozdyev has established by tests the following equation 
for prism and cube strengths of concrete: 


R 


1,300 1-/^ 
1,451) f 


R. 


( 1 ) 


Calculations based on this formula coincide closeJy wnth prism 
tests of comparatively low grades of concrete (up to 300). If higher 
grades are used (from 300 to 600), the following formula of Professor 
B. G. Scranitayev comes closer to experimental values: 

/?pr-0.7/?. (2) 


Resistance to compression in bending. In reinforced concrete mem- 
bers that undergo bending, concrete strength in the compression 
zone (Fig. 8) differs specifically from that in prisms: stresses grow 
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from the neutral plane towards the extreme fibre of the compressed 
zone, the lesser stressed parts decreasing the deformation and increas- 
ing the resistance of the area subjected to greater stresses. The fol- 
lowing tested equation deter- 
mines the concrete’s ultimate 
compressive resistance in bend- 
ing: 

1.25 V (3) 

expresses the resistance of 
concrete in the compression zone 
of elements undergoing bending, 
eccentric compression, and ec- 
centric tension. 

Strength in tension. Ultimate tensile resistance R^ of concrete is 
determined either by pulling apart figure-eight specimens, or by bend- 
ing tests of beams. R^ can also be computed via cube resistance by 
means of the formula: 

R,~-0.5yR\ (4) 

Rf will indicate the resistance of reinforced concrete to fissure 
formation in the tensile zone. In certain cases (reservoirs, piping, 
etc.) it will determine necessary cross- 
sections. 

Shear resistance. Shear tests of con- 
crete have shown that ultimate shear 
resistance /?,„ is expressed by the for- 
mula 

R,,^--=Q.7VR^ (5) 

It must be noted that pure shear 
without a simultaneous bending moment 
and direct stresses (Fig. 9) are rarely 
met with in practice. 

Local bearing resistance. If a concrete 
member is loaded only on part of its 
area, e.g., the bearing surface of a 
beam, it will display a heightened re- 
sistance due to aid from the unloaded 
surface, and its ultimate bearing resistance can be expressed as 

( 6 ) 

where 

F is the cross-section of the member; 
is the crushing area. 



t'ig. 9. Sketch of shear test 
of a concrete sample 



fig. 8. Compression in a concrete 
member that is being bent 
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When the local load is unsymmetrical, the /^-area is considered as 
symmetrical to the centre of gravity of the loaded part. The coef- 
ficient must not exceed 1.5 when the local load is concerned, nor 
be more than 2.0 for combined local and other loads. 

Specified resistance of concrete. The above formulae have yielded 
corresponding resistance limits, known as specified resistance, for 
each grade of concrete. These values, as given in State Specifications 
123-55, are presented in Table I.* 


Table I 

Specified Resistance of Concrete in kg cm* 


Stress 

Sym- 

bol 



Grade 

of concrete 



50 

75 

100 150 

200 300 400 

500 

600 

Axial compression (prism 








resistance) 


40 

60 

80 115 

145 210 280 

350 

420 

Compression in bending . 


50 

75 

100 140 

180 260 350 

440 

520 

Tension 

R\ 

6 

8 

10 13 

16 21 25 

28 

30 


Note. When the concrete is made with alumina cement, a coefficicnl of 
0.7 is attached to the R\ value. 


5. Deforming Ability of Concrete 

The sum of deformation in concrete as an elasto-plaslic material 
Is equal to its elastic deformation (which recovers when the load is 
removed), plus its plastic, or residual, deformation 

If a concrete specimen be gradually loaded and its deformation 
charted twice each time the ioad is increased (once when the load is 
added and again after a given interval), the charted line a-e in the 
stress-deformation diagram will be stepped (Fig. 10, a). Deformation 
measured at the moment of load application will be elastic, directly 
proportional to stresses, and will be charted at a constant angle 
Deformation developed from sustained loads will be plastic, 
inversely proportional to the stresses, and be charted as horizontal 
segments. The coordinates (a-e) from a sufficient number of these 
segments will form a curve as in Fig. 10,^. If stresses increase, plastic 
deformation will grow. If the a-stress remains constant but the 

* An upper index “s” (specideJ) has he^a added to the symbols; ; 
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loading velocity increases, plastic detormation will diminish; if 
loading is instantaneous (or as fast as practical), deformation will 
be elastic. Fig. 10, c gives stress-deformation curves o-e for vari- 
ous loading velocities accomplished as single momen- 

tary loadings. 

If the load is applied for a long period, plastic deformation will 
increase for quite a while and cease when it reaches its ultimate 
value 


a) ! h) 



Fig. 10. Stress deformation diagrams /rom momentary loadings of concrete 
rt— single loadings in separate stages; general a-z diagram; e— diagram 
sliovving infli-ieijce ol speed of deformation on o-£ 


Tests have shown that final deformation of the concrete is not 
influenced by the velocity of u-load application which results in the 
stress a (Fig. 11, a). The ability of concrete to increase its plastic 
deformation under a constantly applied load is known as concrete 
creep. It has been found by experiment that creep deformation ad- 
vances with a corresponding increase of both stress and duration of 
the load (Fig. 11,6). All other. conditions being equal, creep will 
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be greater with a fresher concrete, a drier environment, and a larger 
w-c ratio.* 

Plastic deformation may exceed elastic deformation two- and three- 
fold and more. Creep depends upon the structure of concrete and 
the process of gel hardening. Experiments show that is reached 
only after the member has been under load for a number of years, 
the most intensive creep occurring during the first 3-4 months. 
Loaded reinforced concrete is considerably elTected by creep and 
therefore must be considered in the design. 

o) bJ 




li^. II. Stress-dcfoniialion diaf^rains from loads constantly ap))lied to 

concrete 

rt-iK'L'p clcforiii;i lion :is rclnlcd to volorlty of doforinnlioi); f/— i iifl iiciue of 
diiiiJliori and value of slress on deforniatioii 


Concrete being an elasto-plastic material, the coordinates of its 
stress and deformation do not form a straight line (Fig. 10, b). 

If the Oc stresses were expressed only by elastic deformation 
and the modulus of elasticity then, according to Hooke’s law, 

( 7 ) 

But if formulated through tlie full sum of deformation then 
a variable modulus must be employed, i.e., the modulus of elasto- 
plasticity of concrete E\ as follows: 

a - (8^., i f„,). (8) 

The diagram in Fig. 10, b indicates that E\ is a tangent of the 
angle of the secant running from the initial coordinate to the point 
corresponding to the given stress: 

^ tan a.. 

When changes occur in thea^ stress and / duration, there will be 
corresponding alterations in the angle of the secant a^. Hence the 
modulus of elasto-plasticity of concrete is a variable quantity. 

♦ W — c ratio water cement ratio. Tr, 
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The modulus of elasticity which establishes a linear dependence 
between stress and deformation is an arbitrary conception for concrete 
and possesses a physical value only when instantaneous loading 
occurs. Therefore, the modulus of elasticity, 


^ — = tan a. = const . 

Values for the modulus of elasticity for concrete under compression 
are determined by the following empirical formulae: 

« 1,000.000 r . . 

^ ^ for heavy concretes; (9) 


1:7+- 


R 


1 1 ,000 V /? for light concretes. 


( 10 ) 


Table 2 presents specified moduli of elasticity for concrete in 
compression. 

Table 2 


Specified Moduli of Elasticity E\, in kg/cm* for Concrete in Compression 


Grade of 
concrete 

50 

75 

100 

150 

200 

300 

400 

500 

600 

Heavy 

concretes 

Light- 

weight 

concretes 

1 10,000 

70,000 

155,000 

05,000 

190.000 

1 10.000 

240.000 

130.000 

290.000 

150.000 

340,000 

380,000 

410,000 

430,000 


The modulus of elasto-plasticity of concrete can be formulated 
by making a separate equation of the right members of equations 
(7) and (8), since they represent the same stress values of 


from which 


or 


where 

and 




Cel+^l 


pi 




— ili — is the coefficient of concrete plasticity, 

^el + 


V 1 — X = 


Bel 


®el + ‘Jpl 


( 11 ) 

( 12 ; 


In elastic deformation equals zero, hence, v=l and Ec=E^. 
In absolute plasticity, wlien all deformation is beyond recovery, 
hence, v— 0 and E^:- 0, 
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Experiments at the Central Scientific Institute of Industrial 
Structures have shown that for concrete under compression, v=^0. 2- 
0.5, hence, (0.2-0.5) 

The modulus of elasto-plasticity for concrete in tension ^c.t 
can also be expressed as a term of the modulus of elasticity: 

E;.., v,E,. (13) 

According to experiments, 0.5 at the ultimate tensile stress 
of R,. 

Ultimate compression of concrete, i.e., its comparative deforma- 
tion under compression at the point of failure, is 0.001-0.003, 
that is, from 1 to 3 millimetres per linear metre. However, ultimate 
tension of concrete is from 10 to 20 times less than compression and 
is equal to ej—0. 0001 -0.00015, i.e., from 0.1 to 0.15 millimetre 
per linear metre. 

Ultimate tension of concrete may also be determined for each 
grade with a plasticity coefficient for tension Vj 0.5. Thus, 

E:.i 0.5E,. (14) 

The dependence of ultimate tension and tensile deformation in 
concrete then takes the form 

R, O.SE^b,, 


from which 




2R, 

If, • 


(15) 


When concrete is subject to repeated loading and unloading, plas- 
tic deformation gradually accumulates. When this is repeated 
several million times, plastic deformation will attain its culmina- 
tion and the concrete will *begin to behave as an elastic material if 
the stresses do not go beyond the concrete’s fatigue-stress limit 
Ri (or After a number of cycles of repeat- 

ed loadings under stresses of o^>Rf ^ plastic deformation will 
attain the stage of failure. 

All the above types of concrete deformation occasioned by exter- 
nal loads are known as load deformation, as differing from volumet- 
ric strain which is evoked by such forces as concrete shrinkage and 
temperature changes. 

The rate of thermal expansion of concrete and reinforced concrete 
Uj due to heating or cooling within the range of 0-100" C, is as- 
sumed as 0.00001. 
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Sec 2. REINFORCING STEEL 


I. General Principles 


Section 2-2 


In reinforced concrete the forces created by the load decide the 
arrangement of the bars, which are classified either as effective 
reinforcement or as installation (spacing) bars, depending upon their 
purpose. 

The cross-sectional area of effective reinforcement is computed in 

accordance with resulting forces.* Installation bars tie the effective 

reinforcement into mats 

e - tind blocks for the pre- 
<7; f\ Section 1-1 , . r , 

T scribed reinforced concrete 

luUUUu0Su0M^^^ member, bear such gener- 

TT uncomputed forces as 

i concrete contraction, teiii- 

^ perature changes, etc., and 

are arranged without theo- 
' 2 x Section2-2 retical computations to 

meet requirements of geo- 
metric form and the char- 

The common type of 
L— ^ reinforcement, known as 

, flexible, consists of 3 to 

1'^ Sectionj-j 40 mm steel bars either 

r" plain round or intermit- 

'~ f ^ tently deformed (Fig. 12). 

^ -k- - — In some cases rigid rein- 
h* — L/L1 forcement is used: I-beams, 

channels, and angles. 

/ 1 . 1 J . I n lorni i t ten l ly dolorinod roiiifc^iccnicnt |q most cases the rein- 

““'‘“Ssi’-aaiL'CMc.'!' forcement is assembled into 

mats and blocks by means 
of spot-contact welding 
(Fig.' 13, a). This is the most industrialised method of handling 
the work, * since fabrication is done by efficient welding machines 
and subsequent erection requires very little manpower. 

Fundamentally, spot welding consists in applying pressure to, and 
sending an electric current through, the spliced bars (Fig. 13, b). 
The electric current heats the spliced metal to plasticity and the ap- 
plied pressure makes a reliable joint. 

Rigid reinforcement (Fig. 13, c) takes much more metal than the 
flexible type and is used mostly for heavily loaded members in high 


Section 3 -3 


I Inlorrnitlenllv dolornied reiiift^rccnient 


o— liol rolled S.irs oi Si 
Sl-251 2C: slool; r 


steel; h- tiu' s.inie of 
coid iiolelieci bars 


* A 5% difference is allowed bcKveen theoretically required and actually 
available reinforcement stock. 

A table of bar area^ is given in Supplement 1. 
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Column Reinforcement/' 
blocks * 




f/y'ertrye 

bars 


b) I f I Compressive force 
bars 


3pocing bars — * 



Section /-/ 


Qar welct 


Arc weld 


1 / 

^ Round bars 


Angle steel 



Section C-Z 



Fig. 13. Methods of reinforcing concrete members 
fl— Ilcxiblo rci iiforcomcnt in tlio (ortn of Mocks and mats; skctcli of spot-coniact 
nietliocl of vvL'lcll iii^s; c--rigi(i reinforcement in a beam; rf— self-supporti nff block rein- 
forcement in a column; c — welded sclf-siipporti ng block reinforcement of round Lars 





buildings, etc. Such reinforcement carries its own weight and that 
of the formwork, raw concrete, and miscellaneous erection loads, 
until the concrete hardens, acting as a self-supporting frame. How- 
ever, even heavy bearing members are more economical if made of 
combined angles and round bars, or just round bars, spot- or arc- 
welded into systems of latticework (Fig. 13, d and e), known as self- 
supporting block reinforcement. 

2. Bond Between Reinforcement and Concrete 

Slipping of the bars within a loaded reinforced concrete member 
is prevented by the concrete-steel bond created by 1) the gripping 
properties of the cement grout, 2) friction exerted by the contracted 
concrete upon the bars, 3) the projections on intermittently de- 
formed bars, and 4) anchoring hooks on the bar ends. 




When a bar fixed in concrete is either pulled or pushed, the bond 
will vary along its buried length (Fig. 14, a). The mean bonding 
resistance is computed by dividing the force P by the buried 
surface area im/ of the bar: 

P 

^bond * 
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(16) 


The value depends mainly upon the proportion of the concrete’s 
aggregate and the condition of the bar’s surface. Tests have proved 
that, given a plain round bar within an ordinary grade of con- 
crete T^b=25-35 kg/cm*. With a concrete richer in cement but with 
a lower w-c ratio, the value will increase. Projections on the bar 
will make it more slip-proof because of direct grip (Fig. 14,6). 
Intermittently deformed bars also minimise fissure widening in the 
tension zone of a member. Tests have shown that fissure widths in 
such cases are half of those occurring with plain bars. 

Given one grade of concrete, bonding of the bars will be a function 
of the kind of forces, and the amount of stress in, and the diame- 
ters of, the reinforcement (Fig. 14,c). Under tension, bond will in- 
crease with a lesser bar diameter and a decrease in stresses, whereas 
under compression there will be greater bond with a larger bar 
diameter and increased stresses. The explanation for this is that a 
compres.sed bar will strive to expand laterally, exert pressure upon 
the surrounding concrete, and thus increase friction. Just the oppo- 
site is true under tension. 


3. Mechanical Properties of Reinforcement Steel 

Steel bars are manufactured hot-rolled to obtain both plain and 
deformed surfaces, and are also made by cold deforming methods. 

The hot-rolled process produces mainly low-carbon, mild steels 
whose a-e diagram (Fig. 15, a) reveals a considerable horizontal 
yield-segment and comparatively great elongation (about 20®o) in 
failure. With the addition of more carbon or the introduction of 
alloys, the steel grows stronger and its horizontal yield-segment and 
elongation decreases. 

Rupture strength of hot-rolled steels a, considerably exceeds the 
yield point however, the latter is accepted as the criterion 
for ultimate stresses in reinforcing bars, inasmuch as even such 
stresses already cause considerable plasticity in the bars and corre- 
sponding deformation in construction which hinders its normal 
service. 

Cold-deformed bars are produced by the further processing of hot- 
rolled steel to raise its yield point (resistance) so that a lesser percent- 
age of it may go into the design. 

The essence of strengthening steel by means of cold deforming 
consists in forcing the bars to bear an additional stress a^, higher 
than the yield point and then relieving the stress. The unloading 
curve will take the form of the dotted line in Fig. 15, 6 and the bar 
will acquire a residual deformation 00,. When again loaded, the 
load line will follow the dotted line to point /ID and then trace along 
the initial curve. Thus the portion 0,/4D will show only elastic de- 
formation and the value will become the new, artificially acquired 
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yield point, higher than the initial Oy After an interval, the additional 
yield point will appear with a small horizontal segment of 
yield, and ultimate rupture strength will also rise to 
some extent. In this phenoiiuMion, called aging of .metals the steel’s 
resistance is raised through a process of structural toughening, which 
is a change in the crystal structure of the metal when stressed to 

(at the horizontal segment of 

/hard steel 
j \ (high- carbon) 

- — ^Steel mih Increased 
'^percentage of carbon 



Loh/- carbon 
miLd steel 



yield). 

There are three principal 
methods of such cold working: 
stretch strengthening, draw- 
ing, and pressure notching. 

Cold sireich sirengihening is 
a process of stretching the 
bars, either until the desired 
additional stress is reached 
(which exceeds the ulti- 
mate yield point Oy), or until 
plastic deformation is 

attained which exceeds the 
elongation at the horizontal 


V 


— y Direction 
of drawing 
operation 


Fig. la. a e (liattram for roinforrement ^ 16- Sketch illiisfraliiig cold 

(IrawiriL; oi bars 

— for mild ;md hard steeds; wlicti mild 
sleid is slrcnf^thoMod hy told niaiiipul.ition 


yield-segment. This method is for raising the yield point only for 
bars which are to be subjected to tension, but not compression. 

In cold drawing, the formerly hot-rolled bars are pulled through 
dies (openings) whose diam ders are less than the bars (Fig. 16). 
This operation, repeated several times with a smaller die hole for 
each consecutive die, diminishes the cross-section but elongates the 
bar. After 4 or 5 such operations a bar can thus be reduced from 6 to 
4 mm and elongated 2.25 times. 

Cold pressure notching of plain bars is done on a special machine 
provided with indented rollers which press reciprocally perpendic- 
ular notches into the bar, spaced equally along its length (I ig. 12, c). 
This deformed surface grips better with the concrete. 
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Bars which undergo either drawing or notching acquire a three- 
dimensional structural deformation which increases their resistance 
both against tension and compression. The mechanical properties of 
such bars are close to those of hard steels with no horizontal yield- 
segment on their o-e diagram (Fig. 15, a). 

When cold-hardened bars are exposed to high temperatures, they 
reverse to their mild-steel properties. Therefore such bars cannot 
withstand spot welding without an exacting welding regimen— high 
current intensity, instant-action welding, and high-pressure grip- 
ping. Furthermore, the welded points must not coincide with tlie 
llattened notches. 


4. Kinds of Steel for Reinforcement 

Table 3 lists steels tor reinforcement and specified resistances R] 
for each kind of steel, which represent: 

a) the factory test minimum for yield point of mild steels shown 
in items 1-9; 

b) the same for ultimate strength of hard steels sliown in items 
10- M. 

The most economical are hot-rolled intermittently deformed bars, 
and also the cold-worked steels. 

Due to their low resistance, plain round St-0 and St-3 bars that 
have not undergone cold manipulation are not economical and are 
only employed when better quality is not available, or for installa- 
tion or auxiliary rods. 

To ensure the concrete bond of cold-drawn wire it is used only in 
prefabricated mats and blocks. High-strength bars (Nos. 5, 9, 11, 13, 
14 in Table 3) are only for prestressed members. 

The specified modulus of elasticity for steel is F:l 
- 2,100,000 kglcm\ Cold manipulation does not alter this con- 
stant. 

Reference numbers for various steels entering into working draw- 
ings of reinforced concrete construction in the U.S.S.R. aie given 
in Supplement II. 


5. Welded (Prefabricated) Mats and Blocks 

Welded mats and blocks are furnished either in rolls or in flat 
units (Fig. 17). In the rolls, elTective and spacing (installation) bars 
are arranged at right angles to each other. The maximum bar diam- 
eter that can be bent in rolling is 5.5 mm. In flat mats efTcctive 
reinforcement can run either in one or two directions. State Standard 
8478-57 lists available stocks of St-25r2C roll and flat prefabri- 
cated mats (see Supplement HI). 


29 



Tabl^ 3 


Kinds, Diameters, and Specified Resistance Values of Steel Bars R\ In kg/cm* 


Item 

No. 

Kinds and grades of steel bars 

Dia. in 
mm.* 

R\ in kg/cm* 

1 

Hot-rolled plam, St-0** steel . . . 
Ditto, St-3 stelf 

5-100 

1,900 

2 

5-40 

2.400 



42-100 

Special specifi- 




cations 

3 

Hot-rolled, intermittently deformed. 




Sl-5 steel 

10-40 

2,800 



45-90 

2,700 

4 

Ditto, St-25r2C steel 

6-40 

* 4.000 

5 

Ditto. St-30Xr2C steel 

10-32 

6,000 

6 

Hot-rolled plain St-0 steel with sub- 




sequent cold stretch-strengthening 

5-22 

2,400 

7 

Ditto, St-3 steel 

5-22 

2,800 

8 

Hot-rolled St-5 steel intermittentlv 




deformed, with subsequent cold 
stretch-strengthening to a stress of 
4,500 kg/cm^ or an elongation of 
5.5% 

10-40 

4,500 

9 

Ditto, St-25r2C steel, with subse- 




quent cold stretch-strengthening to 
a stress of 5,500 kg/cm* or an elon- 




gation of 3.5% 

6-40 

5,500 

10 

Cold-notched (intermittently de- 




formed) St-0 and St-3 steel .... 

6-32 

4,500 

11 

Ditto, St-5 steel 

10-32 

6,000 

12 

Cold-drawn low-carbon wire for weld- 




ed mats and blocks (State Stan- 




j dard 6727-53) 

3-5.5 

5,. 500 


6-10 

4,500 

13 

Cold-drawn high-strength intermit- 




tently deformed bars (State Stan- 
dard 8480-57) 

2.5-8 

18,000-12,000 

14 

Round high- carbon high-strength wire 




(State Standard 7.348-55) 

2.5-8 

20,000-14,000 


* See Supplement II. 

** St-0 stands for steel-0, denoting grade of steel. — Tr, 


Mats with other bar diameters than those given in the stock list 
may be incorporated into the design of reinforced concrete, but both 
bars and their spacings must conform to clearances of the welding 
machine. 

Welded blocks consist of longitudinal and upright bars and are 
made in either two- or three-dimensional form (Fig. 18). Longitudi- 
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nal bars in a two-dimensional block may run in one row (Fig. 18. a, 

b, c) or in two (Fig. 18, d, e); they may be placed on one side (Fig. 18, 

c, d) or on both (Fig. 18, a, 6, e). As a rule, it is recommended to arrange 
the bars of the block on one side to facilitate prefabrication and 
assure a better bond. Sometimes coupled blocks are used (Fig. 18, f, 
g) or one with additional longitudinal bars arc -welded to the effec- 
tive reinforcement (Fig. 18, h). 


1 


OJ 


q 


W~d2 




u \ u 


0 




fig. 17. Types of prefaijricated (welded) mats 
tf—flat; rolls 


Box-type blocks (Fig. 18, /) can be fabricated on special machines 
such as the MK-251, or made up of prefabricated flat blocks, welded by 
means of a suspended welder, clamp welder, or by arc welding. They 
may also be assembled from bent mats. 

Dependability of joints in mats and blocks is relevant to the 
mutual sizes of the assembled bars, a production factor that must 
not be overlooked when designing bar diameters. Data to aid ia 
such design is given in Table 4. 
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Design Data for Prefabricated 


d^ denotes cither the diameter in inm of effective round bars, 
or the {^auge of intermiitenlly deformed bars for the mats 
and blocks 

3-4 

5-7 

^2 denotes minimum 
diameters (either 
in mm for round 
bars or in gauge for 
intermittently de- 
formed l)ars) of the 
spacing steel of 
mats and the up- 
right bars of blocks 

Hffcctive 

reinforce- 

IntermittenUy deformed bars 

— 

3.5 

rnent ar- 
ranged on 
one side 
only 

plain 

bars 

Non-lapped 

joints 

3 

3.5 



Lapped 

See Fig 
20,0 

3 

3.5 





joints 

See Figs. 

20, b and c 

3 

3.5 


Effective 
reinforce- 
ment ar- 
ranged on 
both sides 

Intermittently deformed bars 

-- 

6 

i»min and «,„j„ in mni 
are minimum cen- 
terings of bars 

Effective and spacing bars of mats, 

‘ lateral bars of blocks, 

arranged only on one side 

^>0 

50 


L'pright bars of Mocks, when the 

effective reinforcement is arranged on 
both sides 

50 j 

75 


Longitudinal bars of blocks, 
bars Cg nim are arranged in 

when the 
two rov\s 

30 

30 

in mm is (he 
maximum centering 
of spacing bars and 
of upright bars of 
blocks 

When effective reinforcement is either 
cold-dra\Mi wire or stretch-strengthened 
bars 

250 

250 








When the effective bars are either 
intermittently deformed of any grade 
steel, or arc St-3 or St-0 steel round 
bars 





Mats and Blocks 


Table 4 



8-9 

10 

12 

14 

16 

18 

20 

22 

25 

28 

32 

36 

40 


4 

4.5 

5 

5 

6 

6 

8 

8 

8 

10 

12 

12 

14 

4 

4.5 

5 

5 

6 

6 

8 

8 

8 

10 

12 

12 

14 

4 

4.5 

5 

6 

8 

8 

10 

10 

12 

14 

18 

20 

22 

4 

6 

4.5 

5 

6 

8 

10 

12 

14 

16 

18 

20 

22 

25 

8 

8 

8 

8 

8 

8 

10 

,0 

12 

t 

12 

14 

16 

75 

75 

75 

75 

75 

100 

100 

100 

150 

150 

150 

200 

200 

75 

100 

100 

150 

150 

200 

200 

250 

250 

300 

500 

400 

400 

30 

30 

40 

40 

40 

40 

^ 50 

50 

50 

60 

70 

80 

80 

30;) 

300 

300 

300 

300 

T 

400 

400 

400 

— 

- 



-- 


Not limited 


2 -liSO? 
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I ig. 18 , Typc-'i ol prefabricated blocks 


6 Anchoring, Bending and Splicing of Bars 

To avoid slipping, some of the ends of the tension-loaded plain 
round bars are hooked to anchor them in the concrete (Fig. 19. a). 
In lightweight concretes, short bars are placed under the hooks 
(Fig. 19, 6) to spread the latter’s bearing area. 

Hooks are not needed in prefabricated mats and blocks, since 
bar crossings serve the purpose of additional anchorage. Nor are 
hooks used on deformed bars. 

In prestressed construction the bars are provided with special 
anchors (see Chapter VI). Bars are always bent in parts of circles 
(Fig. 19, c). If lightweight concrete is used additional short bars 
are fixed at the places of bending. 

Butting joints are usually welded. There are a number of such 
types; 

1) End butts are contact -welded (Fig. 19, d). In this operation 
10 mm is the minimum diameter if the bars are hot -rolled, and 14 mm 
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if they are cold-worked. Contact welding can only be done at the 
factory as it requires special equipment. 

2) Lapped butts are arc-welded (Fig. 19, e) and used only for hot- 
rolled bars with a minimum diameter of 6 mm. Bar ends must be 
arranged so that a longitudinal force will not bend the lap. In one- 
face welds, the lap length /, must be 8 d for plain bars and 10 d for 
deformed bars. If the weld is double-faced, the lap length must be 
4 d and 5 d for plain and deformed bars respectively. 

3) Strapped and backed butts are arc-welded (Fig. 19, /) and appli- 
cable to both hot-rolled or cold-notched bars with a minimum diam- 



f) ' 

g) 

/ 

Lap strap 



r — ■ ■ ■ 7 


Spot weld 

S) 



F.g. 19 , Hooks, bent bars and joints 


eter of 6 mm. In the backed joint the bar ends are welded together, 
the backing serving as the weld grip. In the strapped joint the bars 
are welded to the strap either by flank or electric-arc spot welding. 
The strap must equal the jointed bars in strength. The length of each 
half of the strap must be at least the same as the lapped joint. 

When butting large bars (over 25 mm) either in the shop or on the 
site, arc welding in forms is used, executed within a standard copper 
form. 

Welding methods are regulated by special welding specifications. 

Another method of splicing, used mainly on the site in the assem- 
bly of blocks, is to overlap the joints and tie them with mild binding 
wire. Such joints are acceptable for all jobs, but the ends of tension- 
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loaded plain bars must be hooked (intermittently deformed bars 
need not be) as shown in Fig. 19. g. 

To assure reliable end anchorage, the lap 1, must be 35 d for ten- 
sion bars in grade-150 concrete, and 25 d if the bars are in compres- 
sion; 30 d for tension bars in 200-grade (or highw) concrete, and 20 d 
for compression bars. Smooth bars may be without hooks if the 
lap i| is increased to 30d. In lightweight concretes, the overlap of 
16 mm (or larger) bars must be increased to 40 d. 

If the bars are cold-notched, the stated overlaps must be increased 
by 5 d, or by 10 d for deformed bars of St-25r 2C. 


d) 


— ^ — 'o 


/ 

a) ■ I 

h"*i f- — —j~\ 


77 ^ 
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+ 
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fig, 20. Splicing of effective bars in mats and blocks 
/— cilc»,tivc bars; installation bars 


When longitudinal bars run only on one side of prefabricated 
mats and blocks, they are usually overlapped without welding, with 
the effective bars placed either on different planes (Fig. 20, a, b) 
or in one plane (Fig. 20, c). If the effective bars of coupled mats are 
intermittently deformed, it is recommended to splice them in one 
plane, for which purpose one of the mats (Fig. 20, d) or both (Fig. 20,e) 
must not have welded lateral bars. 

Required lap /, for good anchorage of mats and blocks is given in 
Table 5; if the joint is in the compression area, the values are de- 
creased by 10 d; but for lightweight concrete, the figures must be in- 
creased by 10 d. 
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Table 5 


Dimensions of Overlaps Assembled without Welding in Mats and 
Blocks Placed in the Tension Zone of Heavy Concretes 


Effective reinforcement of 
welded blocks and mats 

Type of joint 

Minimum overlap 

Concrete of 
grade 100 
and 150 

Concrete of 
grade 200 
and more 

St -5 steel, hot -rolled inter- 
mittently deformed 

Fig. 20, a, c 

30d, 

25d, 

Fig. 20, d, c 


30d, 

St-3 or St-0 steel, round, 
hot -rolled 

Fig. 20, a, h, c 

Cold -notched 

1 

Fig. 20, a, (), c 

Fig 20, d, c 

40d» 

35^, 

Co 1 d - d r a w n vv i re a n ( 1 
st re tch - s t reng t h eii ed h a rs 

Fig. 20, a, b, c 

St-25r 2C steel, hot-rolled 
intermittently deformed 

_ 

Fig. 20, a, b, c 

Fig. 20, d. e 

45d, 

40d, 


The effective bars of coupled mats and blocks must overlap at 
least 250 mm; if the round bars are plain, each overlapped end must 
have at least 3 lateral ties along the joint. 

When non-effective, or spacing, bars are being joined, they are 
overlapped 50 mm if their diameters are ^ 4 mm, and 100 mm if 
^^>4 mm (Fig. 21, a), or they are joined by an additional small mat 
(Fig. 21,fe), overlapped \5d^ on each side, but not less than 100 mrn. 
Such a mat is recommended if the effective bars are larger than 
16 mm. 

Lapped jointing of blocks is prohibited if the longitudinal bars 
are arranged on both sides. 

Hot-rolled effective bars of prefabricated mats and blocks with 
minimum bar diameters of 22-25 mm may be joined by arc welding 
(either by a backed or strapped joint). 
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Mats or blocks that are coupled must be stagger-jointed so that the 
lateral area of the spliced bars in any one cross-section is not over 
50 % of the total bar area 



b) 



Fig. 21. Joining auxiliary reinlorcerncnt of 
welded mats and blocks 
/— eficctive bars; i?— I nslallalion bars 


See. 3. REINFORCED CONCRETE 
I. General Principles. Contraction and Creep 

The properties of reinforced concrete depend upon those of con- 
crete and steel but in a number of cases they do not coincide. Bond 
ol the bars hinders free contraction of the concrete and leads to .incip- 
ient stresses in both components: tension in the concrete and compres- 
sion in the bars. Such contraction stresses are minimised by short- 
ening uninterrupted structural lengths through the use of joints. 
Concrete creep, which is caused by constant loads, redistributes 
stresses between the concrete and embedded bars and offers the pos- 
sibility of making full use of the strength of the two components in 
axially compressed members. Creep will eventually increase beam 
deflection. In prestressed members, creep and contraction will, in 
time, result in partial loss of the prestress, both of the bars and con- 
crete. The physico-mechanical properties which control the conduct 
ol reinforced concrete under working loads (resistance to bending, 
compression, tension, etc.) are treated under corresponding head- 
ings. 

2. Effect of Temperature Changes on Reinforced Concrete 

During a change of temperature the small differences in rates of 
thermal expansion between the neat cement, aggregate, and steel 
bars will cause one component to tie with another, tkus hindering 



free temperature deformation between them and resulting in inter- 
nal counteracting strains. 

Internal strains incited by temperatures up to 100° C are negli- 
gible and will not lower the efficiency of the reinforced concrete. 
But higher temperatures will have an adverse effect; 25% of the 
strength is lost at 200°-250° C. and if heated to 500°-600° C and 
then cooled, the concrete will fail completely. 

The principal reasons for this breakdown under high temperatures 
are: 1) great internal stresses from difference of temperature defor- 
mation between the neat cement and aggregate; 2) chemical dehy- 
drationof thecement minerals which leadsto segregation of free lime 
and its slaking upon cooling (through the action of either locked-in or 
free moisture) and is followed by the rupture of the concrete. 

The effect of heat upon concrete-steel bond is qualified by the kind 
of bar surface and the amount of heat. If the bar is smooth, bond is 
greatly weakened beginning with 250° C, and almost entirely 
lost at 500° C. But if the bars are intermittently deformed, their 
grip is hardly effected even at 500° C. 

Since the mechanical properties of ordinary reinforced concrete 
are vulnerable to high temperatures, structures subjected to such 
action (furnaces, flues, etc.) are built of heatproof concretes that re- 
tain their main physico-mechanical characteristics under protracted 
thermal regimes of 1,000°-1,400° C. Special specifications have 
been compiled for designing of heat-proof concrete structures. 

Indeterminate structures of reinforced concrete (portal frames, 
arches, etc.) are not only subject to internal temperature strains, but 
also to additional forces caused by temperature changes. If the struc- 
ture is large, these additional forces will acquire great scale even 
at normal temperature variations within a range of 30° C. To mini- 
mise these stresses, the structure is divided by compensation joints, 
which are usually combined with settling joints. 


3. Weight of Reinforced Concrete 

The weight of reinforced concrete consists of the respective weights 
of the concrete and embedded bars. When heavy reinforced concrete 
is compacted by vibrators, its weight will come to 2,500 kg/m* 
(2.400 kg if placed without vibrators). If the percentage of reinforce- 
ment is high (over 3%), the weight will be the sum of the concrete 
and bars in a volume unit of concrete. 

4. Protective Covering 

In reinforced concrete the bars are embedded somewhat below the 
surface so as to form a protective covering. This embedment improves 
the concrete-steel bond and allows neither corrosion of the bars 
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nor their quick reaction to destructive heat from outside sources. 
The thicknesses of protective coverings are established by building 
codes based on service experience. 

These thicknesses must be; 

10 mm in slabs and walls having a thickness A^IO cm; 

15 mm „ „ „ „ .. „ „ h> 10 cm; 

20 mm in beams and columns with effective bars d^20 mm; 

25 mm „ „ „ „ . „ „ d> 20 mm; 

30 mm „ „ „ „ „ „ „ d> 35 mm; 

50 mm for all rigid-type reinforcement (rolled steel section). 

In structures subjected to aggressive environment (smoke, va- 
pours, acids, and heavy moisture) the protective covering must be 
increased 10 mm. In factory-made precast construction of 200-grade 
(and higher) concrete, to which efficient vibrators have imparted 
great density, the protective covering may be reduced by 5 mm, but 
it must be at least 10 mm in slabs, 20 mm in beams and columns, 
and 15 rnm for stirrups and upright bars of blocks. 



c H A p T r: R II 


MAIN PRINCIPLES IN REINFORCED CONCRETE DESIGN 
Sec. 4. PREREQUISITES 
I. Design Methods 

In the design of structures the aim is to achieve the most econom- 
ical member sizes that guarantee their safety under service loads. 
Such design in reinforced concrete must consider: 

a) carrying capacity (mechanical strength and stability), 

b) deformations due to deflection, vibration, etc., 

c) formation and widening of fissures. 

Computations of carrying capacity are executed for all types of 
construction to avoid failure. 

Deformation calculations are required where members, otherwise 
sound, may suffer in their structural properties from prohibitive 
deformation. For example, long-span slabs or beams of floors that 
are sufficiently strong, may prove unfit because of extreme deflec- 
tion. 

Compulations to anticipate fissure formation are carried out only 
in individual structures that demand impermeability (reservoirs, 
piping, etc.), and also in prestressed reinforced concrete. 

Computations to esfirnaie fissure widths arc required when fissures 
are permissible but their \\ddths must be limited, as in reinforced 
concrete silos, smokestacks, members subjected to repeated dynam- 
ic loads, and in structures not protected against moisture or other 
atmospheric action that would corrode the reinforcing bars. 


2. Computation Factors and Their Variability 

Safe construction is gained by adopting allowable stresses that are 
less than those which will cause failure, i. e., the construction is 
given a margin of safety. The need of employing stresses less than 
those that would cause destruction is due to variability of computa- 
tion factors (loads and strength of materials), for repeated tests 
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have shown that concrete and steel each display variations (scat- 
tered results) in resistance. Accepted norms for permissible external 
forces, known as specified loads y also vary. Such variability of computa- 
tion factors is characterised by distribution curves illustrated in 
Fig. 22, which show that the greatest number of tests (observations) 

give a certain definite 
value, the so-called 
mean. The rest of the 
data is scattered from 
the mean, either towards 
a minus- or plus-result, 
and the greater the de- 
viation, the rarer is it 
registered. The figure 
shows that if values pos- 
sess little variability, the 
bell-shaped figure limit- 
ed by the horizontal 
axis and distribution 
curve is high and nar- 
row (curve a. Fig. 22), 
whereas great variability 
will result in a squat 
bell (curve 6). 

/’/g. 22. Distribution curves showing variability Such distribution 

in computation factors curves are used to chart 

external loads, such as 
wind, snow, etc., from statistical material of long-term observations. 
Similar charts of strength properties of concrete and reinforcement are 
made on the basis of numerous tests carried out by building and 
metallurgical laboratories. These static distribution curves serve to 
determine possible plus-variations for specified loads and minus- 
variations for specified strength of materials. 


3. Load Coefficients. Uniformity Coefficients. 

Design Strength of Concrete and Reinforcement 

Probable increases of load due to variability in specified loads 
are embraced by the load coefficient y /i>l.* 

The product of the specified load q® and the load coefficient n is 
known as the design load: 

q = q^ n. 

* In individual cases where diminishing an assumed load might prove 
dangerous, the n<l load coefficient is used. For instance, when verifying a 
structure against wind thrust or seismic overturning, n<i is adopted for the 
dead load that reacts against overturning. 
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Specified loads, load coefficients, and design loads are presented in 
Supplement IV. 

Design loads for buildings and industrial structures must be cho- 
sen in their most unfavourable combinations, both for individual 
members and for the structure as a whole. 

Main load combinations will consist of the dead weight of construc- 
tion, live loads, snow loads, and loads from crane equipment. 
Additional combinations will consist of the above, plus wind loads, 
loads from erection cranes, or from the effects of temperature changes. 
Special combinations of loads will include extra forces (such as seis- 
mic-action), dead weight of the structure, and live and wind loads. 
When additional or specific combinations enter load computations, 
the design loads (aside from dead weights) must befhultiplied by the 
fol lowing coefficients: 

a) a coefficient of 0.9 for additional combinations; 

b) a coefficient of 0.8 for special combinations. 

In designing columns, walls, and foundations of apartment houses 
and civic buildings (except educational institutions and theatres), 
the live loads must be assumed as follows; 

for the first and second storeys, 100% of all the superimposed live 
loads counting from the top down; 

for the third and fourth storeys, 85% of all the superimposed 
live loads counting from the top down; 

for the fifth and sixth storeys, 70% of all the superimposed live 
loads counting from the top down; 

for all other storeys 60% of all superimposed live loads.' 

Probable decreases in strength values of materials due to variabil- 
ity in specified stresses are embraced in the coefficient of uniformity 
k<\. 

Design resistance is the product of specified resistance of materials 
and the coefficient of uniformity k: 

k. 

The coefficient of uniformity for concrete will depend on its 
preparation, kind of stress in the member, and the grade of concrete. 

If the concrete is factory-made or otherwise mechanically prepared 
with the aid of automatic or semi-automatic batching equipment 
and is regularly strength-tested (fabrication method A), there is a 
lesser possibility of a minus-deviation in the resistance value of the 
concrete mix. In all other cases (fabricating method B) a lower concrete 
resistance is likely. Therefore a higher coefficient of uniformity is 
incorporated when the fabricating method is A than when it is B. 

Distribution curves show a greater uniformity of concrete under 
compression than tension. Hence the coefficient of uniformity 


* Live loads for libraries, archives, and floors containing equipment are 
assumed as 100% in all ca^es. 
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must be grearer lor compression than tension. Coefficients of uniform- 
ity run from 0.4 to 0.65 under varying conditions. 

Design resistance for concrete is given in Table 6. 


Table 6 

Desif^n Resistance of Concrete in kg/cm’ 


Kind of stress 

Symbol 

Fabricating 

method 


Design re 

distance for various grades of 
concrete 

50 

75 

100 

150 

■iOO 

300 

400 

500 

600 

Axial compression 


A 

24 

36 

48 

70 

90 

140 

100 

230 

270 

(prism strength) 


B 

22 

33 

44 

65 

80 

130 

170 

210 

250 

Compression in 

/'‘be 

A 

30 

45 

60 

85 

110 

170 

230 

280 

330 

bending 


B 

27 

41 

55 

80 

100 

160 

210 

260 

310 

Tension 


A 

2.7 

3.6 

4.5 

5.8 

7.2 

10.5 

12.5 

14 

15 



B 

2.4 

3.2 

1 

, 5.2 

1 

6.4 

9.5 

1 

il 

T2.5 

13.5 


Note. A coaflicient of 0.7 is used for alumiiia'Cernuit concrete. 

The working moduli of elasticity for concrete in compression are 
presented in Table 7. 

Table 7 

Working /Vloduli o^ Elasticity for Concrete in Compressioi in kg cm 


Oracles of 
concrete 


50 


100 


150 


200 


300 


400 500 


600 


Heavy con- 65,000 90,000' 20, OOOl 165,000 200,000' 270, 000| 3 10,000 340,000!360,000| 
Crete I I | 

Lightweitiht ,50,000160 000 75,000 100.000 115,0001 
concrete 


Since steel is less variable in strength than concrete, and also 
because the specified resistance of the reinforcement is taken at its 
factory-test minimums((7y or a,.), its coefficient of uniformity is great- 
er than that of concrete and is embraced within the limits of 0.75- 
0.9. 

Design resistance of steel bars is given in Table 8 in 

round numbers. 

Due to the weak grip of steel in lightweight concretes (grades less 
than 100), the design resistance of bars in such cases is considered 
as 1,700 kg/cm* for all grades of steel i.e., just as for St-0 steel. 

The working modulus of elasticity for bars is taken as 2,100,000 
kg/cm* 
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Table 8 


Design Resistance of Bars in kg/cm’ 


Item 

Bars 

Design resistance of 
bars 

No. 

In tension 

In compres- 
sion 

1 

Hot-rolled, plain round Lars (also flat 
steel and rolled shapes) of St-O steel 

1,700 

1.700 

2 

Ditto, St-3 Meel 

2,100 

2.100 

3 

Hot- rolled intermittently deformed, dia. 
10-40 mm of St -5 steel 

2,400 

2,400 

4 

Ditto, over 40 mm in dia 

2,300 

2,300 

5 

Hot -rolled intermittently deformed, dia. ’ 
6-40 mm of Sl-25r 2C steel .... 

3,400 

3,400 

6 

Ditto, dia. 10-32 mni of St-30Xr2C 
steel 

5,100 

3.600 

7 

Hot -rolled, plain, dia. 5-22 mm of 
St-0 steel with subsequent stretch- 
strengtheninL^ 

2,100 

1,700 

8 

Ditto, up to dia. 12 rnm of St-3 steel 
for use in welded mats and blocks . . 

2,500 

2,100 

9 

Hot-rolled intermittently deformed of 
St-5, wdth subsequent '•i retch-strength- 
ening to a verified stress of 4,500 
kg/cm* 

4,050 

2,400 

10 

Ditto, stretch-strengthened to a verified 
elongation of 5.5% 

3,600 

2.400 

11 

Hot-rolled in ierrnittently deformed of 
St-25r2C steel wdth .Nubsequent stretch- 
strengthening to a verified stress 
of 5,500 kg'cm^ . 

4,950 

3,400 

12 

Ditto, stretch-strengthened to a verified 
elongation of 3.5% 

4,400 

3,400 

13 

Cold-notched, St-0 and St-3 steel . . . 

3,600 i 

3,600 

14 

Ditto, St-5 steel 

4,500 

4,500 

15 

Cold-drawn low-carbon wire, up to 
5.5 nun dia. for welded mats and blocks 
(State Standard 6727-53) 

4,500 

4.500 

16 

Ditto, dia. 6-10 mm 

3.600 

3,600 

17 

Cold-drawn high-carbon wire, dia. 
2.5-8 rnm, intermiUentlv deformed 
(State Standard 8480-57) ‘ 

14.500-9,600 


18 

High-strength carbon wire, dia. 2.5-8 mm 
(State Standard 7348-55) 

16,000-11.200 

— 


4. Coefficients of Service 

Insufficiencies in the design diagram, unknowns in loads, aggrrs- 
love mediums, high-quality fabrication and other factors that either 
siwer or increase carrying capacity but which are not embraced in the 
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calculations, are all entered into the computations through a special 
coefficient of service m. 

A case in point is where for precast bending members that 

are made in plants or casting yards and regularly tested as to strength, 
both of the whole and their component steel and concrete.* For in- 
situ axially compressed members of less than 30x30 cm cross-sec- 
tion and eccentrically compressed members whose larger cross-section- 
al dimension is less than 30 cm, a/z--=^ 0.8; for slabs having monolithic 
beams about their entire perimeters m--1.25, and so forth. However, 
in most instances //i— 1.0. 

Sometimes bar resistance cannot be fully taken advantage of. 
In certain kinds of bars a partial loss in uniformity or partial slack- 
ening of the internal toughened steel structure must be considered. 
Therefore the coefficient of service tn^^\ must be applied in comput- 
ing the design resistance of the reinforcement R^. 

For 100-grade concrete, //i^^^O.O because of insufficient concrete- 
-stecl bond and a lower guarantee against corrosion of any type of ten- 
sion-loaded bars. 

For cold-notched bars possessing low plasticity either in tension or 
compression, and cold-drawn wire in fabricated mats and blocks, 
/??.^--0.65 , since there is a danger of slackening of internal structural 
toughness during welding work. For intermittently deformed St-5 
and St-25r2C bars that have been stretch-strengthened without 
verification of results, 0.9. 

In designing reinforced concrete bending members by the diagonal 
plane method (see Chapter III), a different diagonal-plane coeffi- 
cient of service 1 is introduced for lateral reinforcement (stir- 

runs, inclined bars, and upright bars of blocks), inasmuch as during 
calculations the stresses will not correspond to the value of ni^R^ 
for some of the lateral reinforcement. For stirrups and inclined and 
upright bars of blocks made from all types of hot-rolled steel, 
and 0.7 for the same of cold-drawn rods. 


Sec. 5. DESIGN METHODS 
1. Calculations Concerning Carrying Capacity 

The carrying capacity (resistance) of members is considered suf- 
ficient if their stresses, due to loads and their plus-variations (load 
coefficients), do not exceed the stresses that the given members can 
withstand, with due regard to minus-variations of resistance (coef- 
ficients of uniformity) and service variations. 

The applied forces are a certain function N of the specified loads , 
their load coefficients n, the design diagram, andother factorsexpressed 

* In such cases the design resistance of concrete must be chosen according 
to fabrication method B. 
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by the letter 1. The stresses that can be withstood by a member are 
in their turn a certain function O depending on the shape and size 
of the cross-section S, concrete resistance the coefficient of con- 
crete uniformity bar resistance the coefficient of bar uniformi- 
ty and the coefficients of service m and and sometimes 
Thus the condition for structural resistance'^may be expressed by 
the following inequality: 

N [q\ nj)^ ®(m, S. R^ 4%. /7iJ. (17) 

If condition (17) is complied with, sufficient resistance of the mem- 
ber will be assured. 


2. Deformation Computation 

The purpose of deformation computations is to verify whether the 
specified load deformation A exceeds deformation limits / as pie- 
scribed by code for the given type of construction, i.e., 

A</. 


3. Computations for Anticipating Fissures and Their Widening 

Sufficient resistance is attained by members against fissure jor^ 
malion if the stresses from specified loads do not exceed thgse that 
the construction can withstand prior to fissure formation in the ten- 
sion zone, with due regard to resistance variations of the concrete and 
the service coefficient. Fissure widening is determined by compiii ing 
the action of specified loads upon fissure growth, the latter being li- 
mited by building codes, i.e., mm. 

Calculations of deformation or of fissure formation and growth 
must be based on specified loads (without the load coefficients), be- 
cause loss of service assets in a member is less dangerous than the loss 
of carrying capacity, the computation of which is based on design 
loads (including he load coefficients). 


Sec. 6. DEVELOPMENT OF DESIGN IN REINFORCED CONCRETE. 

THE FACTOR OF SAFETY 

Design of structures is continually improving as science advances 
and building experience accumulates. 

Formerly, cross-sections of reinforced concrete elements were 
determined by the method of safe stresses: reinforced concrete w^as con- 
sidered as an elastic material under loads, and stresses were limited 
to so-called allowable ranges for the concrete and the reinforcement. 
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The next step in reinforced concrete design in the U.S.S.R. was the 
adoption in 1938 of the failure-stage method in cross-sectional 
analysis, which recognised the elasto-plastic properties in the mate- 
rial and therefore came closer to actual conditions under load. This 
method determined the failure value in the cross-section, and the 
relation between failure and allowable stresses fixed its reserve of 
resistance or mar gin {factor) of safety. This factor of safety, as a def- 
inite constant established by building codes, considered the variabil- 
ities of all computing factors jointly. But actually in some members 
certain factors (such as loads) are subject to greater change than oth- 
ers. and variability in the strength of materials, as well as service 
conditions, are likewise not always the same. 

In the U.S.S.R. ultimate stress design was initiated in 1955. 
Ultimate stress is that stage in construction beyond which its nor- 
mal exploitation is impossible; it may be reached either by loss of 
resistance (carrying capacity), by prohibitive deformation, or by the 
formation or overgrowth of fissures. In this method, just as in the pre- 
vious failure-stage method, stresses in reinforced concrete are com- 
puted according to the failure stage with proper consideration for 
elasto-plasticity. But instead of a constant factor of safety, three 
types of variability coefficients are introduced: a load coefficient as 
a margin of load reserve, a uniformity coefficient as a 
safety margin for strength of materials, and a service coefficient as 
a factor of safety for service conditions. 

The ultimate stress method of design is a forward step, tor it allows 
a separate estimation for each computation factor. This assures great- 
er reliability of construction under loads and sometimes affords econ- 
omy of materials. Improvements in both building materials and work- 
manship, and closer assumptions of loads are sure to elTect calcula- 
tions in the future by corresponding alterations of computation coef- 
ficients. 
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BENDING MEMBERS 
See. 7. DESIGN OF BENDING MEMBERS 
1. General Principles 

Slabs and beams are the most typical kinds of bending members. 
Slabs are elements whose thickne.ss h is .small in comparison to the 
span / or the width b. Beams are members whose sectional dimen- 
sions b X h are considerably le.ss 
than their span /. A beam’s 

height /i is usually from to 

while its width b is 0.25-0.5 li. 

Reinforced concrete very often 
consists of beams and slabs. A 
ribbed floor panel, for instance 
(Fig. 23), is composed of beams 
(ribs) and their slab. Slabs and 
beams are built either insingle- 
or multi-spanned (continuous) 
construction. 



Fiff. 23. Diniension nomenclature of 


2. Slabs 

Thicknessesof flatslabs arecornmonly in multiples of 1 cm and range 
from 6 to 10 cm or more. Slabs in two-way ribbed panels (T-beams) 
and cavity-slab construction are much less in thickness, i.e., 25-40 
mm. Slabs are reinforced with mats the bars of which run in two per- 
pendicular rows. Most often the mats are welded (prefabricated), 
but sometimes they are tied. Fig. 24 illustrates the bars of reinforced 
concrete slabs: the longitudinal elements are called effective bars, 
the others are spacing (installation) bars. Effective bars take the 
tensile stresses in the slab caused by bending action under load. Spac- 
ing bars, which make up the mat together with the effective reinforce- 
ment, keep the latter in place during concreting, bear uncomputed 
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stresses of contraction and temperature alterations, and also distrib- 
ute local loads over the whole slab. Sometimes both llie longitudi- 
nal and lateral steel are made up of effective bars. 

Effective bars of slabs are usually 3-10 mm dia. (12-16 mm in 
thick slabs) and spaced 100-200 mm along the slab width. Spacing 
bars are smaller and laid at intervals of 250-300 mm; moreover, their 
cross-sectional area must not be less than 10% of that of the effec- 
tive bars per linear metre. 

Not all effective bars need be carried to the supports (Fig. 24, a, 
alternative 2), but at least of all the lower elTective bars, or a mini- 
mum of three bars per linear metre, must be taken beyond free-end 
supports. If the mats are the prefabricated type, usuall'y all the lower 
longitudinal effective steel is brought to the end of the slab. 

There may be various forms of effective bars in tied mats to satisfy 
the bending moment diagram of the slab. The most common are 
shown in F'ig. 24, b and c. Varied bar forms are, as a rule, spaced alter- 
nately and evenly along the slab width. 

To satisfy stress moments in continuous slab panels when roll- 
type prefabricated mats are used, their effective bars areeither smooth- 
ly shunted from the low^er part of the interspan to the upper part over 
the supports (Fig. 24, J), or separate mats are installed at the bottom 
in the middle of the slab and at the top over the supports (Fig. 24, e). 

To secure sufficient anchorage at end supports, effective bars 
in tied mats are end-hooked, w'hile in prefabricated mats at least 
one lateral bar is brought beyond the bearings (Fig. 24, /). If this can- 
not be done, then an extra lateral bar is welded on (Fig. 24, g), or 
the effective bars are hooked as shown in Fig. 24, h. 


3. Beams 

There are many types of cross-sections for reinforced concrete beams: 
T- and I-beams, rectangular and trapezifonn, etc. (Fig. 25, a). 
The most common are rectangular and l-bearns. Beams up to 50-60 cm 
in height h are usually designed in multiples of 5 cm, and in mul- 
tiples of 10 cm for greater heights. As already said, the beam width 
b is usually 0.25-0.5 h. Precast beams are often made narrower to 
lessen their weight, their width being dictated by longitudinal bar 
placement. 

Beam reinforcement consists of longitudinal, upright, and supple- 
mentary bars assembled into a block, generally welded together but 
sometimes spliced. 

The effective longitudinal bars take tension stresses provoked by the 
bending of the beam under load. The percentage of reinforcement is 
determined by computation, and bar diameters range from 12 to 28 
mm with bars running in single or double tiers. 
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Upright bar ST es\s{ diagonal tension at the supports and are made 
in the form of stirrups and bent-up (inclined) bars in spliced blocks 
(Fig. 25, b). In prefabricated blocks the same purpose is served by 
upright (and sometimes inclined) bars weld,ed to the effective and 
spacing bars (Fig. 25, c). The stirrups also unite the compression and 
tension zones of the beam and connect all the bars of the block. 
They may be either of the closed or open type (Fig. 25, d), but only the 
former is used in rectangular beams. 




l-'iF 


Spacing bars 
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tig. 25. Bars of reinlorced concrete beams 


Stirrups are either single or double U-shaped verticals, depending 
upon beam width and number of tension bars. Single U-stirrups are 
employed when the beam width 6^35 cm, or when there are no more 
than 5 tension bars in one tier. When 6>35 cm and there are more 
than 5 tension bars in one tier, double stirrups are used which consist 
of two adjacent single stirrups. 

In beams up to 60 cm in height, stirrup diameters are usually 
6 mm, and 8 mm for higher beams. Upright bar diameters of blocks 
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are determined by calculation, minimum sizes being limited by welding 
requirements and the values given in Table 4. Spacing of stirrups and 
upright bars along the block length is dictated by computation or 
construction requirements, as further described. 

Installation bars connect the reinforcement block in the beam and 
bear uncornputed stresses of concrete contraction and temperature 
changes. They may sometimes function as effective reinforcement dur- 
ing hoisting operations. Their diameters must be 2-4 rnm more than 
the upright bars in prefabricated blocks. In tied (spliced) blocks their 
diameters are usually 10-12 nim. 

Beams exceeding 80 cm in height must have additional longitudi- 
nal bars (minimum dia. 10 mm) along their sides at height intervals 
of 40-50 cm. 

To assure good concrete bond and satisfactory placing of concrete 
without voids or pits, the minimum clear distance between bars must 
equal their diameters and be at least 25 mm for lower, and 30 mm for 
upper, bars. 

Narrow beams (up to 150 mm) are, as a rule, reinforced with flat 
prefabricated latticework, one such frame to each beam (Fig. 25, c). 
In wide beams that carry big loads 2 or 3 frames are used, tied into 
a box by horizontal lateral bars welded at spacing^ of 1 to 1.5 m 
(shown dotted in Fig. 25, c, section 2-2). Flanges of T-and I-beams 
are reinforced with mats capping the blocks of the web (Fig. 25, a). 

Side embedment of bars is achieved by small bent bars, welded so 
as to butt into the forms (Fig. 25, /); lower embedment is similarly 
assured by bars (chairs) protruding regularly from the cage and rest- 
ing on the lower formwork. 

To strengthen the compression zone, sometimes longitudinal 
compression bars are computed for the beam. Buckling of such bars 
is prevented in tied blocks by closed stirrups spaced at maximum in- 
tervals of 15r/ of the compression bars. In prefabricated blocks, 
buckling is baffled either by a pan-shaped mat, or a horizontal one 
with hooked upright bars (Fng. 25, g). 

Anchorage of longitudinal effective reinforcement at free-end sup- 
ports is assured by either carrying such bars beyond the bearing, 
or by installing special mats (sometimes anchors) connected to the 
block (see Sec. 10). 

To satisfy decrease of the bending moment when beams are rein- 
forced with prefabricated blocks, the tension bars may either be cut 
off individually, or a whole block interrupted if there are several 
of them in the beam width. The percentage of longitudinal reinforce- 
ment, either continued to the supports or bent up into the compres- 
sion zone, must not be more than half of the bar percentage in the 
cross-section having th^e greatest bending moment. If it is a spliced 
block, at least two tension bars must reach the beam support. 

In continuous beams (Fig. 26), longitudinal tension reinforcement 
is placed at the bottom of interspans and at the top over interme- 
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diate supports, in accordance with the bending moment diagram (Fig. 
26, a). The tension bars at the supports can be either in block form 
with effective steel at the top (Fig. 26, a), or . in the form of a mat 
(Fig. 26, c). 


Moment (liagrom M 



Section 1-1 




dlock~1 


INI 



Section 2’2 


Effective bars 




Section 3 'S 


Effective bars 


Section 4 -4 


HBi!inimwimiBi8aBWB»B!iMH 


Effective bars 


effective bars Section 5-5 


1 Section 6 '6 


Fig. 26. Bars in continuous reinforced concrete beams 








When the reinforcement blocks for continuous beam are of the tiecf 
type (Fig. 26, d), the upper tension bars over the supports may consist 
of either some of the bars from the interspan bent up at an angle of 
45"", or of additional straight upper bars. In the first instance, the 
inclined part of the steel will bear the diagonal stresses jointly with 
the stirrups. 

In a continuous-beam system made up of separate precast beams 
the upper tension reinforcement, already enclosed and protruding 
from each member, is furnished with welded-on steel fittings. When 
the connecting (jointing) bars are welded to these fittings, continu-- 
ity of reinforcement is achieved at the supports. 

Sec. 8. BEHAVIOUR OF A LOADED BENDING MEMBER. 

PHASES IN TENSION DEFORMATION 

A study in the sequences of changes of stress and deformation in 
the cross-sections of members subject to bending (bending members) 
reveals the initial data needed for their design. Tests of beams have 
shown that they fail either along a vertical (normal), or a diagonal 
plane (Fig. 27). Rupture may even occur at once along both indicated 
planes, depending upon placement and percentage of reinforcement. 
The aim in the design of a member is to ensure its resistance at all 
planes. 



Fig. 27 . Compulation planes lor reinforced concrete bending 

members 


A reinforced concrete beam subject to a gradually increased load 
leading to failure experiences three typical stages of stress delor- 
mation (Fig. 28): 

/ st Stage. When the beam is first loaded, the stresses in the compres- 
sion and tension zones of the concrete are not intense and deformation 
in the section is mainly elastic. Plastic deformation is negligible and 
the stress-deformation diagram is a straight line. The normal stress 
diagram is triangular and the bars work jointly with the concrete and 
bear part of the tension. This condition of stress deformation is called 
Stage I. 
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As the load is further applied, stresses in the section grow. Elastic 
deformation develops rapidly in the tension zone, where the stress 
diagram acquires a definite curve and ultimate resistance is reached 
in the extreme fibres. Plastic deformation also becomes noticeable in 
the compression zone, where the diagram of normal stresses becomes 
somewhat curved. 

Th is condition of stress deformation, known as Stage la, serves for 
computing fissure anticipation; its diagram of normal stresses is 
considered rectangular for the tension zone and triangular for the 
compression area. 



With a small addition to the load the concrete in the tension zone 
ruptures and ceases completely to resist in the immediate vicinity 
of the cracks, all the tension being transferred to the bars. Just prior 
to crack formation in the concrete, the stress in the tension rein- 
forcement is comparatively low — about 200-300 kg/cm* — and may be 
computed on the basis of equal deformation of both bars and concrete. 
The ultimate deformation of the concrete in tension 



Hence, deformation of the bars is also 
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The stresses in the bars will be 

o,■^E,^-§^-=^2nR^. (18) 

where 


2nd Stage. Subsequent stresses in the tension zone of the beam are 
more complicated: the steel grips the concrete between the cracks and 
continues to bear tension; in the concrete, tension grows with the dis- 
tance from the cracks; in the bars the greatest stresses are at the cracks, 
diminishing with the distance from the latter. The n)ean stresses in 
the bars may be expressed in terms of (the stresses within the cracks) 
and a coefficient which latter allows for tension in the concrete 

between the cracks: 

Stresses increase in the compression zone, plastic deformation be- 
comes apparent and the diagram of normal stresses becomes curved . 
Under continued action of the load, plastic deformat ion in the compres- 
sion concrete increases and the curve of the diagram becomes sharper. 

All this is Stage 2 and serves for computation of bending deforma- 
tion and fissure widening in bending members. A rectangular diagram 
of li jrnial stresses is adopted for the compression zone of the concrete. 

3rd Stage. With a further increase of the load, the cracks in the ten- 
sion zone open and tension in the bars reaches its limit R^. Plastic 
deformation in the compression-zone concrete advances considerably, 
the stress diagram becomes sharply curved, and ultimate compres- 
sion in bending R^ is attained. Complete failure commences. 

The character of the transition from the 2nd to the 3rd (failure) 
Stage depends upon the amount of reinforcement. If the section is 
properly reinforced, failure will start in the tension zone: mild steel 
bars will begin to flow at yield-point stresses until the compression 
concrete cracks. If the bars are of hard steel, they will snap together 
with the crumbling of the compression-zone concrete. If the section 
is over -reinforced, the compression-zone concrete will fail before the 
bars reach their stress limit. As a rule, over -reinforced beams are nei- 
ther economical nor used, inasmuch as the steel does not receive its 
full share of stresses. 

Stage 3 serves as the basis for computing carrying capacity; its 
stress diagram is adopted as rectangular for the compression zone, 
giving only a negligib e error in calculations but simplifying the 
formulae. 

Carrying-capacity computations of such bending members, based 
on the failure-stage method with due regard to the elasto-plasticity 
of the materials, reflect the actual behaviour of the loaded concrete. 
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Sec. 9. CALCULATING THE CARRYING CAPACITY OF BENDING 
MEMBERS ALONG NORMAL PLANES 

I. Symmetrical Singly Reinforced Sections of Any Shape 

We will now analyse a bending member of symmetrical cross- 
■section (Fig. 29, a) affected by a bending moment M from a design 
Joad. 



Fig. 29. Investigation of resistance in singly- 
reinforced members 

a- any syminelrJcal cross section, &— rectangular 
cross-scctl on 

Notation for the section, normal to its axis, will be 
h — height of section; 

a — distance from the centre of gravity of tension bars to 
extreme fibre of tension zone. If the bars are in one tier, 
a will be equal to the protective covering plus Vi bar 
diameter. In beams, a=3 to 4 cm, and 1.5 to 2 cm in 
slabs; 

h —h - a — effective height of section (from the compression zone’s 
° extreme fibre to the centre of gravity of tension bars); 

— area of concrete in compression zone; 

— area of tension bars; 

X — height of compression zone, i.e., from extreme fibre of 
compression zone to neutral axis. 

As already noted, carrying-capacity computations in a cross- 
sect ion are executed on the basis of Stage 3; the stress dia- 
gram in the compression zone is considered as rectangular, and in- 
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ternal forces in the cross-section are based on design strength of the 
bars and concrete. 

The resultant of tensile stresses in the bars is the product ot 
stresses R^, area F^, and the service coefficient of the bars 

The resultant of compressive stresses in the concrete is the prod- 
uct of stresses and area F^: 

In accordance with the law of equilibrium, the sum of all the 
forces projected upon the axis of a member is equal to zero; 

or (19) 

yVg and as two equally opposing forces, create the internal re- 
sisting couple and cross-sectional moment The distance z 

between these forces is the arm of the resisting couple. 

The value borne by the bars and concrete may be expressed 

in two ways: 

or ^ b.cs = (20) 

M ^z—mm^R^F (21 ) 

where m — the service coefficient of the member. 

F^,z is the static moment of the concrete area of the compression 
zone in relation to the centre of gravity of the tension bars and is 
expressed by By introducing into formula (20), we obtain 

( 22 ) 

Equations (19) (20), (21), and (22) are valid in all cases where ul- 
timate resistance of both bars and concrete is reached in the failure 
stage. Tests have proved that this is possible when 

(23) 

where equals the static moment of the entire elTcctive concrete area 
in the cross-section (within the range of /zj in relation to the cenire 
of gravity of the tension bars. 

State Specifications 123-55 have adopted 

(23a) 

for members reinforced with prefabricated mats and blocks made of 
cold-drawn rods up to 5.5 mm dia., and 

(23b) 

for precast members computed with an /rz-coefficient of 1.1. 

Safe carrying capacity is assured if the external bending moment 
M from the design load and load coefficient does not exceed the in- 
ternal stress moment Afb.cs* which the cross-section is capable of bear- 
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Ing with its given dimensions, design characteristics of material 
strength, and the coefficients of uniformity and service. Consequent- 
ly, the conditions for safe carrying capacity, or strength, may be ex- 
pressed as follows: 

M<Mb.cs: (2-1) 

M < (24a) 

M ^ mm^R^F^z. (24 b) 


2. Rectangular Singly Reinforced Cross-Sections 

For a rectangular cross-section with b width (Fig. 29, b), the 
area of the concrete’s compression zone 

F^-^bx 

and the resultant of compression stresses in the concrete 

The resultant of tensile stresses in the bars will be, as before, 

N^^tn,R,F,. 

Inasmuch as the resultant of compressive stresses is applied to the 
•centre of gravity of the rectangular stress diagram, the arm of the in- 
ternal resisting couple 

^ — ^^0 ~2 ‘ 


The internal forces and will form the following equation: 

(25) 

From equation (25) we may determine the height of the compression 
zone x: 






(26) 


For a rectangular section we likewise derive 
Avherefore conditions (24a) and (24b) for strength take the form of 


M^mR,,bx{^li,-^) (27) 

or 

M^mtn^R/J^h^—Y) • (27a) 

The static moment for the entire cross-section 

S,^bh,'^==0.5bhi, 
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whence condition (23) takes the form of 

bx (/i„ — O.Sjc) 0.46/1*. 

By dividing both members of the inequality by bh^ and designating 

* ^28) 

“j 

we get a — 0.5 tt*:^0.4, from which as^O.55. 

The coefficient a defines the height of the compression zone x, 
hence also the quantity of reinforcement, inasmuch as according to 
formula (26) the value x increases with an increase of the value 
Thus, for a rectangular cross-section, bar and concrete stresses in 
the failure stage reach their ultimate resistance only when the height 
of the compression zone satisfies the following conditions: 


when < 0.65„ 

X ^ 0.37/?^ 

(a„„=0.37) 

(29) 

.. 5, < 0.85„ 

x^0.55h^ 

(“uit=D*55) 

(29a) 

.. 5,^0.7S„ 

X ^ 0.45/1 

(a,.,t=0.45) 

(29b) 


Formulae (25), (27) and (27a) are valid if the height of the compres- 
sion zone X is limited in accordance with condition (29). 

The relation of the reinforcement area F\ to the whole effective 
area of the cross-section bh^ is known as the coefficient of reinforce- 
ment p: 

‘301 

The coefficient of reinforcement multiplied by 100 is called the 
percentage of reinforcement; 

(31) 

By dividing both members of equation (26) by we get 

^32) 


(32a) 

The formula for the coefficient of reinforcement may be derived 
from e.xpression (32a); 

■ ‘331 

and the formula for percentage of reinforcement will then be 

‘30 

The ultimate percentage of reinforcement is derived from formula 
<34) when is determined by conditions (29)-(29b). Thus, for a 
rectangular cross-section 

FuitVo^SS . 
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As already stated, at a percentage of reinforcement exceeding the 
ultimate, failure will be due to crumbling of the compression -zone 
concrete before the bars are stressed to their full capacity. 

In such a case the carrying capacity of the section is determined by 


condition (22): 
when 





(35) 

when 

5^>0.7S„ -0.356/1; 



^b.cs"""-0-35/n/?b,.66;; 

(353) 

when 

5^. >0.65,-0.366; 




(35b) 


Required carrying capacity of the beam AI may be achieved, as 
seen from equation (27a), through various values of and /i^: if 
increases, will be lessened, and vice versa. When and 
alter, there is also a change in reinforcement percentage. Other things 
being equal, the cost of reinforced concrete is determined by the cost 
of the concrete and bars and therefore depends upon the percentage 
of reinforcement or the coefficient a, which latter is directly propor- 
tional to the reinforcement percentage in accordance with equation 
(32a). 

An economic percentage of reinforcement with ordinary grades of 
concrete and steel conies to 1-2% for beams, and 0.3-0. 6% for 
slabs. Economic values of a are usually 0.3-0.4%. Hence an eco- 
nomic percentage is, as a rule, less than the ultimate. In individual 
cases, when structural space limits the dimensions of the cross-sec- 
tion, either the ultimate percentage of steel is used (ultimate a), or 
double reinforcement is incorporated. 

Structural considerations will dictate what the minimum rein- 
forcement percentage can be, since the bars must take a number of 
uncomputed forces (concrete shrinkage, temperature changes, etc). 
The level of this minimum (from O.l to 0.25%) depends upon concrete 
and steel grades and is established by building code (Table 9). 


Tabic 9 

/Vlinimum Percentage of Reinforcement 


Kinds of bars 

lor the lollovvinj.» l^uades of 
concrete 

100-150 

200 

300-400 

500-600 

St-0 and St-3 steel 

O.l 

0.15 

0.2 

0.25 

Hot-rolled intermittently deformed 
bars of St-5 and 25r2C steel; cold- 
notched bars; prefabricated mats 
and blocks of cold-drawn rods . . 

o.l 

0.1 

0.15 

0.2 


•62 




3. Use of Tables in the Computation of Rectangular Sections 


Formulae (25) and (27) are for direct use only when checking the 
carrying capacity of a given sectional plane. In most instances the 
cross-section of the member and its bars must be computed from a 
known design moment and given grades of concrete and steel. This 
operation is called determining the cross-section and is done with the 
aid of tables. 

For this purpose let us transform the principal formulae. 

From condition (28) the compression-zone heigfit 

Solving for x under strength condition (27) we have 
M < mR., b'ihAh, — '^\. 


Removing from the brackets, we have 

M < mR^^bhla ( 1 - y ) . 
Designating a ^1 — yj final formu 


whence 


the final formula takes the form r.f 
M -^.niR^^bhlA,, (36) 




The arm of the internal resisting couple z rney be also expressed 
through u; 


After designating 


— ^ /i, ( 1 — y j 


we get 




From formula (36), the effective cross-sectional height becomes 


After designating 


we finally get 


mR^ b • 

be 


The values of the coefficients y. ''o* computed for various rat- 
ings of a, are presented in Table 10. 
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Table 10 

Table for Computation of Rectangular and T- and 1-Sections for All 
Grades of Concrete and Steel 



The area of reinforcement 1% is determined by condition (24b) 
or (27a), but instead of the expression for the arm of the internal re- 
sisting couple, 

^^^0 2 ’ 

we take the value 
in other words, 

nm^R^y,h, ' 

Another expression for may be obtained from equation (32) by 
considering that^=a: 

n 

C ^ t. 1 \ 


F,=abh 


" msR, ' 
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If the design moment and grades of concrete and steel are given 
when determining the cross-section by table, two types of problems 
are met with: 

1st type: b and h of the section are known. must be found. 

Sequence of procedure. 

1) is computed by formula (37). 

2) With i4„ known, then Yo “ 's taken from Table 10. 

3) is computed by formula (40) or (41). 

2nd type', neither b nor h are known, nor the area of the bars 
all must be determined. 

Sequence of procedure. 

1) The cross-sectional width b and the coefficient a^O.3-0.4 
are assumed. 

2) a in Table 10 determines r^. 

3) found byformula (39) and the section’s dimensions correct- 
ed according to the recommended ratio b : h and height gradations. 

4) F^ is computed as in the 1st type. 

If the carrying capacity of the section must be found when 6, h 
and F^ are given, it is best to use the principal equations adopted when 
verifying the stresses in the section. When such is the case, tlie height 
of the compression zone x is first determined by formula (26), after 
which the moment of the given sectional plane is found by formula 
(27) or (27a). 

The carrying capacity of a given plane may also be decided by ta- 
ble as follows: 

1) Determine a—xj/i^ by formula (32). 

2) With (I known, find by table 10. 

3) Compute the moment M of the section by formula (36). 

Illustrative problem 1. Given: M — 14.3 t/m for the bending moment in a 
beam from the design load, 200-B grade of concrete,* bars of hot-rolled inter- 
mittently deformed St-5 steel I as the coefficient of service, cross-section 
6=20 cm, /i=50 cm. Determine F^, the area of the bars. 

Solution. 

Gathering design data: Table 6 gives kg/cm*, Table 8 gives 

;^j.=: 3,400 kg/cm^, ^^=1, /i„=50 — 3:5=46.5. 

Formula (37) determines 4,,: 


^0 = 


1,430.000 

1x100x20x46.5- 


0.33. 


With known. Table 10 gives Yo— 0 792** or a=0.416. 
Computing by formula (40) we find that 

1,430,000 

rxlx2,400x0‘.792x46.5 ctti 


* Fabricating methods are represented throughout by the letters A or B 
together with the grade of concrete. 

** Linear interpolation is used with all tables. 


3 - 2fin7 
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or by forrmila (41) 


f,=0.41 6x20x46.5 j_^=16.15 cm*, 

which is satisfied by 2025 D +2^22 0 (/^g— 17.42 cm*),*- 

I llustrative problem 2. Given: A4=30() ktj/m as the bending moment from the 
design load in a slab, 150-A grade of concrete, reinforcement of prefabricated 
mats of cold-drawn low-carbon rods wdth maximum diameter 5.5 mm, m=1.25 
as the service coefficient; cross-section: 6=100 cm, /i=8 cm. Determine fg, 
the area of reinforcement. 

Solution. 

Gathering design data: kg/cm^, /^s=4,500 kg/cm*, ms=0.65, 6^=8 — 

— 1 .5=6.5 cm. 

Aq is found by formula (37): 

30.000 

1 .25 X 85 X 100 xb.5'2""^*^ ^ 

With Aq known, Table 10 gives y^= - 0.965, and from formula (40) we calcu- 
late 

30,000 _ 1 90 - 2 

1.25x0.65x4,500x0.965x6.5 ’ 


wTiich is satisfied by 705 C (Fs=1.37 cm*''). 

! llustrative problem 3. Given: M -8,000 kg/m as the bending moment from 
the oearn’s design load, 2()0-B grade of concrete, bars of St-5 steel, hot-rolled 
intermittently deformed, a«= 1 as the service coefficient. Determine: cross-sec- 
tion 6x6 and bar area F^. 

Solution. 

Gathering design data: /?^,c=:100 kg/cm*, =2,400 kg'cm^ m^=[. 

Assume 6=20 cm (width of the beam) and coefficient a=0.3; then with a 
know n. Table 10 gives r,>=l .98. 

Formula (39) determines that 


6,= 1.98 



80().()0() 

Txli)6>^ 


=40 cm. 


Height 6=6,) a=40 -f- 3=43 cm. We finally fix 6=45 cm, in which case 
/io=45 — 3=42 'em. Furthermore, formula (37) gives 

_ 800,0 00 

'’■■1x100x20x42* 

With A(f known, Table 10 gives Yo= 0.87, or a=0.261. From formula (40) 
w'e compute 

^ 800,000 

^*“1x1 x2.400x0:87x42 '^ ' ’ 

or from formula (41) 

F,=0.261 x20x42 


100 


1x2,400 


-=9.15 ern*, 


which is satisfied by 2018 D + 2016 D (F,=9M cm*). 

Illustrative problem 4. Determine: carrying capacity of a reinforced concrete 
beam. Given: a rectangular cross-section; 6=20 cm, 6=40 cm, grade of con- 
crete 150-B; bars of round hot-rolled St-3 steel, Fg=8.04 cm* (4016), m=l as 
the service coefficient. 


See Supplement il. 
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Solution . 


Gathering design data: kg/cm^ R^=2,\00 kg/crn*, /r^s— 1. /2o=40 — 

— 3 “37 cm. 

Formula (26) decides the height of compression zone; 


1x2.100x8.04 
80 X “20 


-= 10.6 


cm. 


The area of the compression zone F^-"2()x 10.6—212 cm*. 

Formula (20) determines carrying capacity of the cross-section: 

Mb-cs=lx80x212 (37-1^—^=536.000 kg/cin=5.36 t/m, 
or by formula (21), 

Mb es- I X I X 2. 100x8.04 f 37 - -1-^-.= 536, 000 kg/cnr==5.,36 f 'm. 


The problem may also be solved through the use of Table 10: formula (32) 
determines that 


X 

(I - 


8.04x1 x2,400 

2'(rx'^>r8cr 


=0.285; 


Table 10 shows that if a=0.285, then >lo=0.244, and calculation by formula 
(36) gives: 

A1,s=l x80x20x37*x0. 244=536.000 kg/cm=5.36 t/rn. 


4. Rectangular Beams with Double Reinforcement 

n the compression zone exceeds the ultimate height when the cross- 
section, grade of concrete, and bending moment are all given, i.e., 

whenti = ^>0.55 (or correspondingly when a>0.45 or a>0.37), 

and if it is not possible nor practical to increase the sectional dimen- 
sions or raise the concrete's grade, then the compression zone must 
be strengthened with compression bars (Fig. 30). This useof double 
reinforcement, i.e., and F', as a rule, is not economical since it 
means a high steel expenditure, therefore its use must be well founded. 
For instance, a greater cross-section in a precast member may be 
restricted by the hoisting capacity of the crane; or it may be neces- 
sary to impose varying loads on beams having similar shapes. Bars 
may also be required in the compression zone either because of in- 
verse bending-moment signs, or because of structural needs (such as 
over intermediate supports in continuous beams). 

Fig. 30, a illustrates stress conditions in a rectangular cross-sec- 
tion. 

The resultant of compressive stresses in the concrete will be 
the resultant of compressive stresses in the bars will amount to 


3* 
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and the resultant of tensile stresses in the regular bars will be 

Two equations can be formulated to compute the carrying capacity 
of the section: 

1. If all forces are projected on the axis of the member so that the 
sum is zero (to satisfy the state of equilibrium), an equation will 



Fig. 30, ]nvesli^»ation of resistance in members 
having double reinforcement 

be derived to determine the position of the neutral axis, i.e., to 
find x\ 

- m,R/s - R,M=0. (42) 

2. The condition for resistance of the cross-section can be obtained 
by summing up the moments of all forces in relation to the centre of 
gravity of the tension bars; this means that the external bending mo- 
ment from the design load does not exceed the moment of internal 
forces; 

M — + in.R^F', (/i, — a')^ . (43) 

In order that ultimate resistance be attained in the compression- 
zone concrete and in the tension bars during the failure stage, the 
height of the compression zone — just as with single reinforcement — 
is limited, i.e. 

A' 0 . 55 / 1 , (or 0.45/j,, or 0.37/i,). 

'6S 




In order that the stresses in the compression bars reach their 
ultimate value in the failure stage, the minimum height ofthecom- 
pression zone must also be limited: 

x^^2a. (43a) 

For convenience in tabular computation for singly reinforced sec- 
tions, the conditions of stress shown in Fig. 30, a are divided into two 
schemes (Fig. 30, b and c). 

Scheme I. Compression is borne by the concrete, and tension by 
part of the tension bars whose area — Fg. This scheme corre- 

sponds to stress conditions of a singly reinforced section and embraces 
already stated height limits of the compression zone. 

The moment of the section in Scheme I is expressed" as A4, and can be 
computed by formulae and tables for rectangular sections with single 
reinforcement, as follows: 

— -|j or 

Scheme 11. Compression is borne by the bars f 1 and tension by the 
rest of the steel whose area is equal to that of Fg (inasmuch as 

The internal resisting couple created in Scheme II is capable of 
taking the external bending moment Ml* The magnitude of stresses 
in the bars equals and the arm of the resisting couple amounts 

to A® — a'. Hence if the coefficient of service is included, the bending 
moment will be 

Ms {h^—a'). (44) 

Thus the entire bending moment M in a doubly reinforced section 
can be presented as the sum of two moments: 

M-M,+M'. (45) 

With the moment and the grades of concrete and steel known, two 
types of problems present themselves in determining a doubly-rein- 
forced cross-section. 

1st type. Given: b xh. To be determined: the area of reinforcement 
F^andF^ 

Sequence of procedure. 

1) is found by formula (37) to decide whether compression bars 

are needed. If compression bars F'^ are required. 

2) Calculations are made of the cross-sectional moment according 
to Scheme I (Fig. 30) with the full use of the compression concrete 

(46) 

and of the corresponding area of tension bars F,, by formula (40) or 
(41) and at an ultimate value of y„ or a. 
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3) The cross-sectional moment M\ is determined 
Scheme II (Fig. 30): 

Af,. 

4) Bar area F is found by equation (44): 

F’ - 

® — a') ‘ 

5) Full tension-bar area is calculated: 


according to 

(47) 

(48) 

(49) 


2nd type. Given: cross-section & x/i, and compression uars r^. To be 
found: area of bars F^. 

Sequence of procedure. 

1) Formula (44) solves 

2) The term Afj Af— Ms is computed. 

3) The magnitude of A ~ — — — in Table 10 will give a cor- 

responding value of or a, after which the bar area F^.^ is determined 
by formula (40) or (41). 

4) Formula (49) will reveal the full tension-bar area. 

If the known quantities are 6, h, F, and grades of material, then 
to find the section's carrying capacity use is made of the principal 
equations; x is found by equation (42), and the value of ^4^.3 is given 
by equation (43). 

Illustrative problem 5. 

Given: 6=25 cm, 6=50 cm, At=26 t/m, concrete is j^radc 200-B, bars are 
intermittently deformed of St-5 steel, /n=l. To be determined: and 


Solution. 

Gathering design data: kg/cin^, A?s=2,40() kg/cm^, in^=\. 

It is assumed that fl=4 cm and a'=3 cm. Then /ijj=50 — 4=46 cm. 
According to formula (37) it is found that 


2,600,000 
J X 100x25x462 


=0.49 >>4„ uU==--0.4, 


hence a singly reinforced cross-section is insufficient and reinforcement in the 
compression zone is necessary. 

According to formula (46), 

Af]=lx 100x25x462x0.4=2.120.000 kg/cm=2l.2 t/m. 

When Aq uh= 0.4, it is found by Table 10 that uit=0.725. Then formula 
(40) finds that 

P 2,120,000 0 ^ , 

1x1x2,400x0.725x46 

formula (47) gives 

M'=26- 21.2=4.8 t/m. 
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formula (48) gives 


c- 480,000 , 

* 1x1x2.400(46 — ’ 

and from formula (49) we derive 

F,:=26.54-4.65=::^l.l5 cm*, 

which is satisfied by 3014 D for the compression bars (Fg-^4.62 cm*) and 5028 D 
for tension bars {F ^='30.79 cm*). 

Illustrative problem 6. 

Given: the same as in illustrative problem 5, but with the followini? added 
data: compression bars, /^g=9.41 cm* (3020 D). To be determined: bar area F^. 

Solution. 

From formula (44) we derive 

M,^=l xl x2, 400x9.41 (16 — 3)=:970,000 kg/cm-:=9.7 t/m. 

= -M^rv.26 — 9.7=16.3 t/m. 


A 


1 ,630,000 
'i‘^0i7x2^4“^ 


=0.308. 


It is seen from Table 10 that if /4tt=0.308, then Yo— 0 81 and rt=0.38. 

1,630,000 




1 x1x2,400x0.81x46 


cln^ 


which is satisfied by 6025 D (Fs=29.45 cm*). 

Condition (43a) is then verified: 

;c=a/i^=().38 X 46= 1 7.4>2a' -G cm. 


5. T- Beams 

T"beanis are widely used in reinforced concrete and usually adopt 
ed for overhead-crane girders, ribs of precast slabs, beams of in-situ 
floors, etc. Fig. 31, a shows the flange and rib of such a shape, the 
flange most often occupying the compression zone but sometimes 
taking tensile stresses as in section 2-2, Fig. 31. 

Calculations of external forces and carrying capacities of T-beams 
whose flanges occupy only the compression zone will now be consid- 
ered. Tension flanges add no strength in comparison to rectangular 
b xh shapes, inasmuch as concrete in tension takes no load in 
Stage III. 

If the compression flange is very wide, its parts furthest from the 
web will be less stressed than those that are closer. For this reason 
the elective width of the flange is limited by building code. For in- 
stance, the effective width of the flange in self-contained beams, 

precast slabs, floors, etc., must not exceed -^of the span nor be more 
than 12 rb. If the slab portion (the flange) of the member has an 
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Fig. 31. Reinforced concrete T beams 



Cross ribs 



intermediate lateral rib (Fig. 31.6), then its actual width may be 
considered as the design width 

When S3 0.1 in in-situ ribbed floors (Fig. 31, rf). centre-to- 
centre spacings are taken as the actual flange widths lor cross beams, 
and the distance midway between centres taken for girders on 
each side of the web centre) If ^ <0. 1 in a thin slab, then the effec- 
tive width must be limited to 126 4 6. 



fig, 32. Investigation of resistance in T-beams (Case 1) 


Two cases are met with in T-beam computations. In the 1st case 
the neutral axis is within the flange, in the 2nd case it bisects the 
web below the flange 

Case 1 . When the neutral axisiswithin the flange {i.e., when x^h^^)\ 
stress conditions are shown in Fig. 32, a. 

The resultant of compressive stresses in the concrete will be 

and the resultant of tensile stresses in the bars will amount to 

N,=^tn,R,F^, 

The first condition for the state of equilibrium is 

or R^^b„x=m^Rf^. (50) 

The height of the compression zone x is found through equation 
(50). The arm of the internal resisting couple 
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The condition for resistance of the cross-section (taking a service 
coefficient into account) may be expressed as 


(51) 

or as . 

(51a) 


Condition (51) differs from the analogous condition (27) for a rectan- 
gular section in that b is substituted by in the right-hand member, 
since concrete in tension is no aid to carrying capacity. 

Hence, a T-bearn whose neutral axis lies within the flange is com- 
puted as an ordinary rectangular section with a width of and height h 
(shown as a dotted line in Fig. 32, a). Calculations for such beams 
are carried out with the aid of tables and formulae already presented 
for rectangular beams. 

A close approximation can be had of the reinforcement area 
if the relationship in the T-section is^ ^ 0.2 (since the arm of the 

internal resisting couple, — , is little effected whether the 

neutral axis is at the lower fibre of the flange or somewhat higher within 
the flange), for which reason it may be assumed that (Fig. 32, /?)► 


and the condition for resistance (51a) can be expressed as 


whence 


M nm^R^F, ( ft. 


2 



(52) 


Formula (52) gives a somewhat excessive valueof F^ (about 5-10%). 

If the neutral axis in a T-beam aligns with the lower edge of the 
flange, an examination of the stresses will reveal to which case it 
belongs. 

The resultant of compression stresses in the concrete will be 
the arm of the internal resisting couple will be 


and carrying capacity, expressed by the force can be written as 
follows; 


— y) • (53) 
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If the bending moment from the design load is then 

and the problem applies to Case 1. 

But if then x>h^^ and the computations will concern 

Case 2. 

Experience has shown that, as a rule, with a relative increase of 
the flange it will embrace the neutral axis, whereas a narrow flange 
and large bending moment will drop the neutral axis so that it will 
cross the web. 

Case 2. When the neutral axis is below the flange (crossing the web), 
i.e., when x > h^y Here the stress diagram is shown in Fig. 33, a. 



Failure stage will find the stresses in the com| ression zone equal to 
But in the overhangs of the flange, compressed throughout their 
plane, the stresses will be somewhat less and can be assumed as R 
0.8 just as in an axially compressed member. 

The resultant of comprcs.^ion stresses in tlie flange overhangs will 
be 

- -/;)//„ (54) 

the resultant of compressive stresses in the web will equal 

and the resultant of tensile stresses in the bars wilt be 

By projecting all forces upon the axis and equating their sum 
to satisfy zero equilibrium, we obtain 
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or 

^bc 10-8 (b,t — b)ht, + bx] =in,Rf,. (55) 

The height of the compression zone x is derived from equation (55). 

If we formulate the moment of internal forces in relation to the 
centre of gravity of tension-bar area and equate it with the design 
load’s bending moment, the condition for resistance in the cross- 
section will be 


M ;m .(56) 

Equations (55) and (56) allow verification of the resistance of 
T-sections when 

In order that concrete and bar stresses attain their ultimate in the 
failure stage just as in the case of any other symmetrical cross-sec- 
tion, condition (23) must be observed. 

In determining the cross-section, it is convenient to divide the 
scheme into two parts, as in Fig. 33, fo and c. 

In Scheme 1. compression is borne by the flange overhangs, and ten- 
sion by part of the reinforcement which may be denoted as 
The section in this scheme bears only part of the bending moment, to 
be known as 

In Scheme II the rib acts as a rectangular beam whose compression- 

zone height is x and whose bars ^s.ov» takes the 

rest of the bending moment, to be known as 

Then, 

/M-M„v+A^r.b. (57) 

Computing by Scheme I. The resultant of compressive forces in the 
concrete of the llange overhang is found by equation (54). 

The arm of the internal resisting couple 


The moment borne by the section in Scheme I will be 
and the corresponding bar area will be 



Computing by Scheme II. From condition (57) 

— ^ov 


(58) 


(59j 


(60) 


The moment is taken by the rib just as in a rectangular singly- 
reinforced beam and the corresponding bar area is determined in the 
usual manner: 
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is solved by formula (37), corresponding values of y,, or a are giv- 
en by Table 10, after which ^ib is derived through formula (40i 
or (41). 

The full amount of tensile reinforcement will be 




s. rib* 


(61) 


Furthermore, condition (23) must be observed for the section as 
a whole. 

The most frequent problem met with in T-beams is to find the bar 
area when the section dimensions, grades of material, and bend- 
ing moment M are known. 

Sequence of procedure. 

1) The effective flange width is calculated. 

2) Formula (53) decides which case the problem belongs to. 

3) Bar area I\. is found: if Case 1, it is computed either as a rectan- 
gular beam with width or by the approximate formula (52); if it 
is Case II, first is determined by formula (58) and F^ by for- 
mula (59). Then is derived through formula (60) and F^ is 
found as for a rectangular beam whose width \sb. Formula (61) gives 
the full amount of tension bars F^. 

4) When F^ is known, condition (23) is to be checked. 

If section dimensions, bar area, and steel and concrete grades are 
all given in order to find the carrying capacity, the method will be 
as follows: 

from equation (50) we have 




(62) 


If then Case 1 is observed, and the carrying capacity deter- 

mined by formula (51) or (51a). 

But if a:>/7j,, it will be Case 2, then: 

1) the value of x is corrected by equation (55), 

2) the magnitudes of and 5^ are computed to check condition 
(23), 

3) the carrying capacity pf the section is found by formula 
(22) or (56). 


I llustrative problem 7. Given: a self-contained T-hcani, length /~4.8 rn, 
height /i=50 cm, web widih /;=^-25 cm, flange width /;jj— 130 cm, flange thick- 
ness /i^ =8 cm, grade of concrete bars of vSt-3 steel, the service C(-ef- 

ficient m=l.l, M = \2 t/m. To find: the area of tension bars 

Solution. 

Gathering design data; kg/cin^, R^^^2,\00 kg/cin*, h^—h — 

==50 — 3.5=^46.5 cm. 

The effective width of the flange will be 

6f, =y=-|- = 160>l2/if, +&=I2x8-|- 25=121 cm. 

This means that the effective width 6^=121 cm, instead of the actual 
vidtfiof 130 cm. 
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Condition (53) decider, the case to be followed: 




-.1.1x80x121x8 46.5 




=35.8 t/m>M = 12 t/m. 
Hence, x<h^, i.e., we must deal with Case 1.* 
We compute 

. M 1 , 200,000 


-3,580,000 kg/cm= 


^=0.053. 


m/^be^tl 1.1x80x121x46.5=-' 

Table 10 shows that Yo= 0-^72, and from formula (40) we derive 

. 1,200,000 2 

“ 1^1x2, 100 x0.972x 4(;.5 ' -J ern , 

which is satisfied liy 2020 -|- 2^18 (/^5=11.3 cm^). 

From the approximate formula (52) 

^ 1 , 200,000 , 

F^-. ^ = <=”’ • 

1.1x1 x2.1()0 ( 46.5— yj 
i.e., there is an excess of 6%. 

Illustrative problem 8. (liven: a cross beam in a floor, height /i=60 cm, 
width b=2b cm, 8-cm slab thickness, 2-mctre beam spacing, concrete grade 
150- A, cold-notched grade St-3 bars. F^=20 cm^, m~l. To be determined: car- 
rying capacity. 

Solution. 

Design data gathered; kg/cm®, /?s=3,600 kg/cm^ m^^O.GS, /z^'|=8cm, 

cm, effective width of flange 6j| =200 cm. 

Compression-zone height is obtained from formula (62): 

0.65x3,600x20 

2(j0ir85 =2-® 

lienee, it is Case 1. 

Carrying capacity is determined by condition (51): 

A1i,.„=1 x85x200x 2.8 ^.56 — y^=-..2,600,00() ke'cm=26 t/m 
or l)y condition (51a): 

;Mb.,;s=l x0.f)5x 3, 600x20 ^56— y ) =2,600, 000 ki»/cm=26 t/m. 

Illustrative problem 9. Given: /VI = 17 t/m. Ii~ii) cm, /;=16 cm, b^ ---40 cm, 
//,j=10cm, concrete grade 200-B, bars of intermittently deformed St-5 steel, 
m=\ Determine: bar area F^. 

Solution. 

Design data gathered: /z,j=46 ern, kg/cln^ /?s=2,400 kg/cm^ 

Determine which case is concerned: 

mRbe'^n ^)=lxl00x40xl0^46— y^ = l,635,000 kg/cm= 

= 16.35 t/m<M=17 t/m, 
which shows that Case 2 is to be dealt with. 

• Inasmuch as the section has a developed flange, it was clear that x<lii[. 
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Computing by formula (58) 




= 1 


0.8x 100(40— 16) X 10 ^46 — - 2 -jj =785,000 kg/cin=7.85 


t 111. 


From formula (v59) 


785.000 


1 X 1 X2,400 


(«-f) 


- 8 cm^. 


The moment borne by the rib is found by formula (60): 

A'r,jb=17--7.85=:.9.15 t/m. 

From formula (37) 

915,000 




t=0.27. 


1 X 100 X 16x 16"“ 

Table 10 indicates hat ^^=0.84, and from formula (10) 

915.000 


Fur'ih — ■ 1 


.=9.85 cm=. 


1 X I X2.400x0.84 x46 
Full tension-liar area is found by formula (61): 

fs=8+0.85=::17.85 cm^. 

Condition (23) is verified: to find the height of the rib’s compression 
zone is determined by formula (55): 

0.8 (ft,-, - I,) /If, _ 0,8 (40 - Hi) 10 


b 


16 


= 11.8 cm > /i I j = 10 c m . 


The static moment of the area of the entire effective cross-section in rela- 
tion to the centre of gravity of the bar area F^ is 

s„=-.16x !(iXy + (40 — 16) 10x 11 = 16,900+9,840=26,710 cm’. 

The static moment of the compression zone in relation to the centre of 
gravity of the bar area is 

6’,.= 16x11.8 ^46— -^—^ + (40— 16) 10x 11=9,150+9,840=18.990 cm’. 

0.85o— 9-8 x 26,740=21 ,400 - 18,9'JO cm\ vviiich indicates thai con- 

dition (23) has been observed. 


Sec. 10. THE DIAGONAL PLANE (CROSS-SECTION) AS USED 
IN COMPUTING THE CARRYING CAPACITY OF BENDING MEMBERS 

I. Test Results 

Test.s have shown that diagonal cracks form near the supports of 
bending members becau.se of mutual action of the shearing force and 
the bending moment (see Fig. 27), the angle of the fissure depending 
upon the kind and amount of reinforcement, sectional dimensions, 
and grades of concrete and steel. 
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It is known from Strength of Materials that normal stresses a are 
caused in a beam by the bending moment Af and that tangent (shear- 
ing) stresses T are due to shearing forces Q. The diagonal planes 
are acted upon by diagonal tensile and diagonal compressive stresses 
which are determined by the formula 



When the diagonal tensile stresses reach a value equal to ultimate 
tensile resistance 7?^ of the concrete (Fig. 34, a), the latter fails, ac- 
companied by the formation of diagonal fissures (Stage la). The parts 



fig. 34. Investigation of resistance in bending members by the diagonal 

plane method 

fl— sketch showing lormation of diagonal fissures; band r— failure along inclined 
cracks; d— design diagram at a diagonal plane; e and /—computation diagonals 


situated at the right and left of these inclined fissures will tend to 
revolve mutually about a point lying in the compression zone above. 
This tendency is hindered by the tension steel (longitudinal and bent- 
up bars and stirrups) that crosses the fissures. After Assuring, stress 
deformation of the member will correspond to Stage II. As the load 
further increases, the member will fail from either one of two causes: 


8Q 




Cause 1. Resistance of the steel that bisects the inclined crack is 
overcome; the resultin^^ yield of tension-stressed bars opens the 
crack (Fig. 34, h); the two parts twist mutually about the momentary 
centre O located above the inclined crack in the centre of gravity 
of the compression zone and the concrete in the latter fails. 

Cause 2. The compression-zone concrete either shears or is broken 
by compressive forces (Fig. 34, c), often before the yield point is 
reached in the stirrups (upright bars of the reinforcement block) and 
bent-up bars that cross the crack. This type of failure occurs with a 
large percentage of longitudinal bars, well anchored at the supports. 


2. Checking the Need of Diagonal Reinforcement 


As already noted, diagonal cracks appear when diagonal tension 
in the concrete exceeds The magnitude of this tension depends 
upon the shearing force Q, an approximation of which is given by the 
formula 


(T 


di 


Q 

mbh^ 


(63) 


Resistance at the diagonal plane, conditioned by the tensile resist- 
ance of the concrete, will be sufficient if 


_ Q ^ D 

which is the same as if 

(64) 


By satisfying condition (64), stirrups, bent-up bars, and upright 
bars of blocks may be installed without theoretical computation, i.e., 
only to satisfy structural requirements. But when condition (64) is 
violated, reinforcement must be computed for the diagonal plane to 
avoid inclined cracks. 


3. Provisions for l^esistance at Diagonal Planes 

The diagram in Fig. 34, if will serve in considering stress conditions 
at a diagonal plane. 

Notation: 

c — projected length of diagonal plane along axis of 
the member; 

u— spacing of stirrups (or lateral bars of blocks); 
a — angle of bent-up bars; 

Fs Fjn^,, Fj, — area of longitudinal and inclined bars and stir- 
rups (upright bars), respectively; 

Nj, Afjt — resultant of tensile stresses of longitudinal 

and inclined bars and stirrups, respectively; 
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— projection on axis of member of resultant stresses in 
the concrete compression zone in the diagonal plane; 

Qc — projection, on the normal of the axis, of resultant stresses 
in the concrete compression zone of the diagonal plane; 

Q — shearing force from the design load -at the apex of the 
diagonal plane; 

M — design bending moment from the design load at the 
apex of the diagonal plane. 

Just as in computations at a normal plane, the internal forces 
of bars and concrete are dependent upon design resistance and serv- 
ice coefficients: 


Tests have shown that 




(65) 


Resistance at the diagonal plane of a bending member is assured 
when its design forces Q and M do not exceed its carrying capacity, 
the diagonal plane being computed on the basis of its normal plane, 
reinforcement, design resistance of concrete and bars, and service 
coefficients. 

Thus, failure will not occur along a diagonal plane from Cause 1 
(i.e., from the moment factor) if the effective bending moment M 
is not more than the sum of all the moments of all internal forces 
in relation toO, thecentre of the compression zone. Inasmuch as a 
failure crack usually crosses several stirrups and inclined bars, the 
forces in these components are expressed as a sum of the term 2 as 
follows: 

M --sm (N^z+'S.N + 

where z, z^t ^he distances from longitudinal and bent-up 

bars and stirrups, respectively, to the moment point. 

If we substitute N^, and by their values and remove the 

brackets from the result is 

M mm,R, (66) 

Failure will not occur along a diagonal plane from Cause 2 (the 
shearing force) if the design shearing force Q does not exceed the 
sum of all the internal forces projected on the normal of the axis 
As already stated, since the stresses in the inclined bars and stir- 
rups might not attain design resistance values of these components, 
the stresses in the steel F^^^^ and F^^ are computed with a service 
coefficient 

Q^m sin a+SmjiZ.t-t QJ- 



If we replace and by their values and remove the brackets 
from the result is 

Q ^ m [ (2 f j „„ sin a S f ,,) + Q,1 . (67) 

Condition (67) for resistance must always be checked if there i® 
any possibility of diagonal failure cracks. Diagonal planes that 
cross the edges of supports and the starting points of bent-up bars 
must likewise be verified by condition (67) (Fig. 34, e), as also those 
places where there is a change of stirrup (or upright bar) spacing 
(Fig.34,/). 

As regards condition (66) for moment resistance, tests have shown 
it to be satisfied by fulfilling certain structural requirements, as 
indicated below. 


4. Computing Upright Bars of Blocks 
(Stirrups) and Inclined (Bent-Up) Bars 


Let us assume a member reinforced only with upright bars (stir- 
rups) capable of taking a vertical force per unit length of member. 
Then the shearing force borne by the upright bars in a beam length 
equal to the projection of the diagonal plane c will be 


The magnitude of the shearing force ^ borne mutually by the 
upright bars (stirrups) and the concrete of the compression zone, 
will be 


a..c-Qs.+Q.. 


Q. 


0 . 15 «, hhl 



(68) 


Diagonal planes may possess various inclines (Fig. 35, a), and 
the bars must assure resistance at any incline. To achieve this, 
resistance formulae must be based on a minimum value of Q., ,.. 
This minimum is found by reducing to zero the first derivative of 
Qj, ^ with respect to the variable c: 


whence 




dc 






0 . 15 / 5 ?, hh 
be 

<isX 


2 

0 


By entering the solved value of c into equation (68) and trans 
forming algebraically, we obtain 

( 69 ) 
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When the knowns are the spacing u, area of one vertical and 
number of verticals (in the beam width) n (Fig. 35, b), the force 
borne by the upright bars (stirrups) in a uriit of beam length can 
be found through the condition 

which, when is substituted by its value, becomes 


To determine the magnitude of the shearing force, Q, that 
the member can bear with given upright bars (stirrups), the solved 
value of q^, enters into formula (69). 
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Fig. 35. Computation of upright bars in beams 

A constant uniform load p (e.g., hydrostatic pressure, soil load, 
etc.) acting within the projected limits of the dia{,,onal plane (Fig. 
35, c) will sum up with the force q^^, hence, 

Q..,= y" 0.6R,.6/.:(7„+|). 

If it is found that Q>mQ,t.c' then either the upright bars must 
be strengthened by enlarging their diameters or reducing their 


ad 




spacing, or inclined bars must be installed to bear the surplus shear- 
ing force, so that 


Q 1=- — — P, 

rn ^si.c 


(71) 


Inasmuch as the resultant of the stresses in the inclined bars is 
directed at an angle of a, the vertical projection ol these forces 
will be 


sin a. 


(72) 


Thus, the formula determining the area of bent-up bars will 
be the result of equating expressions (71) and (72): 


F 


inci 



sill a 


(73) 


In calculating bent-up bars, the shearing force at the edge of 
the support enters formula (73) for the first bend transverse from 
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fig. 36. Position of bent-up bars in beams, and maximum spacing between 
stirrups and bent-up bars 


the support, and the shearing force at the lower point of each pre- 
vious bend transverse is entered into the formula for each subse- 
quent bend transverse (Fig. 36,a). The number of bend trans- 
verses depends upon the plotted length of the stress curve Q, where 
Q> ^ to allow for structural considerations as given below. 

If onfy upright bars (stirrups) are used without bent-up bars, 
then the condition to be followed must be 


m 


Q.UC- 


( 74 ) 


This dictates the following sequence of computation: 
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1) The shearing force per unit of length of the member that 
is borne by the upright bars is determined by formula (69): 


flst 


\ rti 1 


(75) 


2) being found, an assumption is made of the diameters of 
the upright bars(i. e., their area and their spacing is obtained 
through formula (70): 


u 


(ht 


(76) 


or vice versa: spacing u is assumed and the upright-bar area is com- 
puted: 


/st 


Qst^ 


(77) 


In this operation the mutual sizes of longitudinal and upright 
bars must satisfy welding requirements. Moreover, upright bar 
spacing u is to be limited by the value because of the following 
factors: in the diagonal planes between two adjacent upright bars 
(stirrups) or bent-up bars (Fig. 36, b) resistance is assured only 
by the compression-zone concrete. Hence, here the condition to 
be observed is 


The magnitude of as obtained by formula (65), depends upon 
the projected length c of the diagonal plane. In the given instance 
c~u, hence, 


Q 


0 . 15 /?, hhl 

l o 

U 


(78) 


Since there is a possibility of faulty work in spacing the stirrups 
longitudinally, the assumed carrying capacity of the compression- 
zone concrete is slightly lowered, a coefficient of 0.1 being intro- 
duced into the right-hand member of formula (78) instead of 0.15, 
so that the final computation, together with the service coefficient 
will be 


OAmRJ^hl 


(79) 


5. Distinguishing Features of Safe Design by the 
Diagonal Plane Method 

The paramount feature in safe design of spanning members by 
the diagonal plane method is anticipation of diagonal crack forma- 
tion. The criterion in such anticipation of cracks is condition (64). 
1. Where condition (64) is observed, i.e., Q^mRph^, 
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In this case the smallest diameters are chosen for the upright 
bars in prefabricated blocks, in accordance with Table 4. Stirrups 
of tied blocks, as already said, will be 6-8 mm but not less than 
0.25 d of longitudinal bars. If stirrups are of cold-drawn rods, they 
may have a minimum diameter of 5 mm. Longitudinal spacing 

of stirrups or upright bars of blocks must not exceed of the beam 



^ Anchor plate 

Fig. ,97. Anchoring longitudina 1 bars of blocks at free-end beam supports 

height and not be over 50 cm. A spacing of 20 cm is usual for beams 
up to 40 cm in height; if higher, spacing is made half the height. 

In free-end supports, the blocks are brought to the end of the 
beam with longitudinal tension bars well anchored beyond the 
supports for a distance of at least 5 d. If the longitudinal tension 
bars are plain, then additional anchors should consist of at least 
one upright bar beyond the supports (Fig. 37, a). 
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2. Where condition (64) is not observed, i.e., Q> m.R^bhg. 

In this case, resistance of the diagonal cross-section against the 
shearing force is assured, i.e., condition (67) |s observed, by com- 
puting the diameters and spacings of upright bars, such spacing 
not to exceed in formula (79). Furthermore, the value of u is 
to be limited by the following conditions; 

u^20 cm for beams up to 40 cm in height; 

« " >• above 40 cm „ „ ; V (70a) 

u ^ 50 cm j 

To ensure bending-moment resistance in the diagonal plane, con- 
dition (66) may be ignored by following the structural methods 
given below. Practically, this means guarding against both pulling 
out, and overcoming tensile resistance of, the longitudinal rein- 
forcement. 

When prefabricated blocks are used for reinforcement. All longi- 
tudinal rods must run to, and 15 d* beyond, the supports. If the 
bars are plain, at least 2 uprights must cross the protruded length 

of the longitudinal bars(Fig. 37, b). If the upright bars are strength- 
ened for a length of /j,,„+1.5/i at the protrusion, the latter may 
be 5 d less. The cross-section of this length of upright reinforcement 
is increased 50% more than computed, either by the addition of a 
pan-shaped mat (Fig. 37, c), lessening spacing, or by still further 
increasing bar diameter (in narrow beams having one block). 

If structural obstacles hinder the protrusion then the tension 

steel is additionally anchored by welded-on bars or plates (Fig. 37, d 
and e). Part of the tension steel can be interrupted (cut off) where 
it is allowed by the decreased bending moment, the termination 
to be executed beyond this plane (Fig. 38, a) at a distance of 

Q_ 

ay --7^ — |-5d, (80) 

where Q — design shearing force at the theoretical point of bar in- 
terruption; 

— vertical force per unit of beam length, borne by the upright 
bars and determined by formula (70). 

The length w, derived from formula (80), must be at least 20 d, 
and include not less than 2 upright bars if they are of plain steel. 

When spliced blocks are used for the reinforcement. Longitudinal 
tension bars must go 15 d beyond^ free-end supports if plain hooked 
bars are used, 15 d if they are" intermittently-deformed without 
hooks and the concrete is of grade 150, and 10 d if the concrete is 
of grade 200 or higher. 


* lOdif the bars are of inlermillent'y deformed St-5 steel or ol cold-notched 
St-0 and St-3 steel in 200-, or higher, grade of concrete. 
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Fig. 38. Diagrams of components (malerials): determining cut- 
off points of bars and blocks 

/—effective bars of blocks; section /-/ is where Inclined bar / is fully 
used in bending (in a normal cross-section); section 2-2 Is where benl-up' 
bar 2 is fully used in bending (in a normal cross-section) 




Inclined bars are usually bent 45° to the horizontal and 60° in 
very high beams, their area being determined by computation. 
They are placed in that part of the beam where Q> ^(Fig. 36, a); 
the first bend transverse must align with the edge of the support 
(or not more than 5 cm away), and the last with the point where 
Q— Qst.c * The maximum distance between theend of one bend trans- 
verse and the beginning of the next (Fig. 36, b) is given in formula 
(79). Inclined bars are usually continuations of mid-span rein- 

forcement. Bends in tension-zone bars must begin not closer than^ 

from the point where they lend their full strength in the normal 
cross-section (Fig. 38,6). 


Sec. 11. CALCULATIONS OF DEFORMATION AND FISSURE 
OPENING IN BENDING MEMBERS 

I. Relationship between Deformation and Stresses. 

Rigidity of Reinforced Concrete as Effected 
by Fissures in the Tension Zone 

Reinforced concrete bending members are, as a rule, fissured under 
woruing stresses in the tension zone. Hence, deformation computa- 
tions concerning deflection, angle of rotation, and widening of 
fissures are based on Stage II of stress deformation as caused by 
specified loads. 

The reader already knows that in Stage II fissures are formed in 
the tension zone of the concrete and spaced at intervals of and 
that stresses in the compression concrete are equal to The 

height of the compression zone in a plane lying between the fis- 
sures is more than at the fissures proper and results in a wavelike 
neutral axis (Fig. 39). 

Stresses will vary along the length of the tension bars: the max- 
imum at the fissures, equal to will decrease with the distance 
from fissure edges (Fig, 28) because the concrete-steel bond will 
still exist between fissures and the concrete will continue to bear 
some of the tension. 

Mean bar stresses between fissures can be expressed in terms 
of Og within the fissures proper and the coefficient which 

latter allows for the concrete’s tensile resistance between the fis- 
sures: 

= ( 81 ) 

Such mean stresses can also be expressed in terms corresponding 

to mean deformation 

Os.me = es.me^s- ( 82 ) 

* The last bend transverse may be one stirrup interval u closer to the 
supports than the point where Q=Qstc if the loads are concentrated. 
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The bar stresses in the fissure plane, expressed as a term 
are equal to 

(83) 

By entering the value of from (81) into formula (83), we obtain 

or 

(84) 

By equating formulae (82) and (84), we obtain 

«s. me = (85) 

It therefore follows from equations (81) and (85) that 

I 

Tl e coefficient if depends upon reinforcement percentage, amount 
of (Ts ‘.tresses, and concrete grade, and varies from a minimum of 



Fig. 39. Sketch of deformations in a reinforced concrete I'eam 

03-0.5 (formation of fissures) to a value close to 1.0. Eventually, 
as plastic deformation progresses in the tension zone between fis- 
sures, the coefficient increases to under repeated moving loads 

(such as in a crane girder). The stresses in the plane of the fissure 
may be expressed as a term of deformation as in formula (83), 
and also as one of mean deformation 6^,^^ according to formula (85): 

= (8G) 
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Stress-deformation diagrams — e. and or,— given in 
Fig. 40, from which the reader may see that the tangent of the angle of 
the straight incline a, — is the modulus of elasticity of the free 
bars within the fissures: 


tan a 




and the tangent of the angle of the secant intersecting the curve 

is the mean modulus 
of elasticity of the tension 
bars: 



tan a. 


Hence, 


£7 


(87) 


As already noted, the iden- 
tity between stress and defor- 
mation in the compression 
zone of the concrete is 


fig. 40. Stress-deformation diagram a-e 
for tension bars in re^nforced concrete 


a, = Z:'ce, = (l— M 

The coefficient X, obtained 
as the ratio between plastic 
and absolute deformation, depends upon stress value and concrete 
grade. The progress of plastic deforination in the compression zone will 
eventually change the coefficient k from its minimum (approaching 
zero when loading begins) to a value close to 0.6 (due to the con- 
stant service load). 

In Stage II, concrete fracture in the tension zone and subsequent 
internal displacement will distort the section. Nevertheless the 
Hypothesis of Plane Sections (Navier’s Hypothesis) remains valid 
for mean deformation in the planes between fissures, i.e., the plane 
stays normal in bending because deformation is linear in height 
(Fig. 39). 

An identity may be established between mean deformation and 
bending forces on the basis of this hypothesis. 

Let us examine the deformed area between fissures (Fig. 39). 
The mean height of the compression zone is the mean radius 
of deflection is and the mean deformation of tension bars is 
The stretching of tension bars within the length /f ,will be 
-or 0.5 per each end of this length. Assuming a similarity to 

a triangle (shown hatched in Fig. 39), we obtain 
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After reducing both members of the equation by-p, we obtain 

(88) 


By substituting = from (86), we obtain 


/i's 

I 




Qmc -^me) 


(88a) 


The stresses in the reinforcement are determined by analysing 
the state of stress in Stage II (Fig. 41). Development of plastic 
deformation in the concrete of the compression zone bends the 


•Centre of gravity 



Centre of gravity 


/tV 


r'A-H 


L/ 


4r 


f ig. 41. Computing deformation in reinforced concrete bending members 


stress diagram of normal stresses vso sharply that in order to simplify 
calculations it may be considered rectangular. The force moment 
in the tension bars, in relation to the centre of gravity of the con- 
crete in the compression zone of the cross-section is 



M o^F^z, 


from which 

M 



* 


or 

11 

(89) 

whence 

W=F,z, 

(90) 


which is known as the elasto-plastic resisting moment of the rein- 
forced concrete cross-section in Stage II. The magnitude of 
depends upon the geometric shape of the cross-section and the coef- 
ficients and X (which effect the value of z). 

By substituting in equation (88a) for its value in (89), we 
will have 

1 _ M 

Qme ^me) ^ 


(91) 



where 


B-^^E,WAK-x,J. (92) 

If formula (91) be compared with the well-known formula in 

Strength of Materials, i.e.,. 

1 _ M 
Q ^'ej » 

it will be seen that B 
represents rigidity of the 
concrete’s cross-section in 
Stage II. 

Tests have shown that 
rigidity calculated for 
the plane with the great- 
est bending moment, may 
Fig. 42. Design rigidity in a bending member be considered with suffi- 
cient exactness to be the 
same for the entire part whose bending moment is of the same 
sign (Fig. 42). 



2. Rigidity Computations 

In computing rigidity B by formula (92) it is necessary to know^ 
the compression-zone height which depends upon the section’s 
shape, percentage of reinforcement and grade of concrete. 

Let us consider a singly-reinforced rectangular beam (see Fig. 41): 
cross-section equilibrium dictates that counteracting tensile and 
compressive forces be equal: 

(93) 

If both members of this equation are divided by and we desig- 
nate 

t ;^nie 

^me * 

then 

(93a> 


The conditions of linear variations in mean height deformation 
give 

(94> 




the compression-zone height are obtained by solving the 
-quadratic equation 

^n,c = ^mA=(-|-+ >^T+ “)'*«• 

The arm of the resisting couple, for the given rectangular beam, 
z—h^ — ^ from which in accordance with the identity (90), 
the elasto-plastic resisting moment 

(98) 

From the identity (92), rigidity under momentary loads B,„^will be 
= ^ [K - "-f) (99) 

Practical computations of rigidity are executed with the aid of 
tables compiled for various shapes: rectangular singly- and doubly- 
reinforced beams, T-beams with flanges either in the compression 
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or tension zone, and I- and box-beams (Fig. 43). Furthermore, on 
the basis of tests, momentary loads ar^ taken as \|jv . 

Reinforcement stresses and cross-section rigidity are evolved 
from the formulae 



Fig. 43. Investigation of rigidity in bending members • 


in which is the bending moment from specified loads; the coef- 
ficient i|) is taken from Tables 11 and 12* after solving a, y,= 

~bP found through formula (100); the coefficients 

Ti = l— 0.5 andc — (1 — 0.5|_J(1— are derived from Table 

13 after solving 


=3|xn and y' = 




Constant loads caused by plastic deformation increase the height 
of the compression zone x^^and lessen rigidity B. The magnitude 
of rigidity B under a constant load is fixed by the formula 



in which — the constant specified load; 

— the momentary specified load; 

— full specified load; 

« — coefficient of decreased rigidity under a constant 
load and which is equal to: 

a) 1.5 for T-beams whose flanges are in the compression zone; 

b) 2.0 for rectangular shapes, I-beams, box-shapes, and other 
such types; 


* Tables 11 and 12 are for rectangular and T-shapes with flanges in their 
compression zone, and for 1- and box-beams. 
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Table II 


Values for Cnelficients tj? and in Rectangular Beams 


or 

Values of tj? for in kg cm’ 

Values 

of 

1,000 

1,250 

1,500 

2,000 

2,500 

3,000 

0.05 






0.39 

22.8 

0.06 

— 

— 

— 

— 

0.4 

0.57 

19.2 

0.07 

— 

— 

— 

— 

0.49 

0.58 

16 

0.08 

— 

— 

— 

0.4 

0.63 

0.75 

14 

0.1 

— 

— 

0.4 

0.58 

0.76 

0.86 

11.8 

0. 125 

— 

— 

0.-47 

0.73 

0.85 

0.91 

9.6 

0. 15 

— 

0.44 

0.63 

0.82 

1 0.9 

0.94 

8 

0.2 

0.47 

0.65 

0.78 

0.9 

i 0.94 

0.97 

6 

0.3 

0.71 

0.82 

0.89 ; 

0.94 

0.97 

0.98 

4.3 

0.4 

0.81 

0.88 

0.92 

0.96 

0.98 

0.99 

3.4 

0.5 

0.85 

0.9 

0.93 

0.96 

0.98 

0.99 

2.8 

0.8 

0.9 

0.93 1 

0.95 

0.97 

0.98 

0.9!) 

2.2 


A'o/<\s. 1) when a>0.8, then vj-/ 1, 2) the values of a| from Table 11 arc alsD 
applicable to doulHy'reiriforced rectangular shapes, as well as to T-beaiiis 
whose flanges are in the compression zone. 


c) 2.5 for T-beanis with flanges in the tension zone. 

In deciding the sum of all dead loads are included in the con- 
stant load while live loads are considered in accordance wiih Ifieir 
nature. 

Thus in dwellings arid civic buildings, live load.s are entirely ex- 
cluded from in libraries, archives, etc., embraces all live loads; 
while in industrial buildings all live loads are included in but 
mimrs 150 kg/m^. 

When computing rigidity for giant-panel cavity slabs, a coefficient 
of 1.2, which allows for an increase of rigidity conditioned by this 
special shape, is included with 8 in formula (102). 

In determining the n-ratio, the design modulus of concrete elas- 
ticity is used; but if the precast members come from a factory or 
well-equipped casting yard that renders their designated grad;i de- 
pendable, the specif.eJ modulus is adopted. 


3. Calculations for Deflection 

Floor and roof deflection, at its maximum, must not exceed 
from to ~ /, depending on the type ol structure, shape oi 
member and width of span. 


4 — 2S»i7 
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Table J3 

Values of Coefficients t| and c for Rending Members: Singly-Reinforced 
Rectangular Shapes, T- Beams with Flanges in the Tension Zone, T-Beams with 
Flanges in the Compression Zone and l-(Box-) Beams 


y' 

0 

0.2 

1 

0.4 

0 

■6 ^ 

! 

0.8 

1 1 

1 

4 



1 

rnic 

0.27 

0.2 

0. 15 

0. 

12 ' 

0. 1 

0., 1 

0. 

1 

a - 

-- 0.1 

M 

0.86 

0.92 

0.94 

0 

!»5 

0.!)5 1 

0.95 

0. 

95 



c 

0.63 

0.74 

0.8 

0 

83 1 

0.86 ; 

0.88 

0. 

!) 




0.36 

0.29 

0. 24 

0 

2 

0. 17 

0. 15 

0. 

12 

a 

- 0.2 

^1 

0.82 

0.9 

0.92 

0 

93 

0.!)4 

0.95 

0. 

95 



c 

0..32 

0.63 

0.71 


74 

0.78 

0.8 

0 

8.3 


- 0.3 


0.4‘i 

0..35 

0. 3 

0 

20 

0.23 

0.2 

0 

16 

a 

‘1 

0.79 

0.87 

0.91 

0 

93 

0.!)1 

0.!)4 

0 

95 



c 

0.46 

0.56 

0.03 

0 

08 

0.72 

0.7.5 

9. 

7!) 


- 0.4 

t 

0.46 

0.4 

0.35 

0 

3, 

0.27 

0.24 

0 

2 

a. 

0 

c 

0.77 

0.85 

0.8!) 

0 

92 

0.!)3 

0.94 

0. 

‘)5 



0.42 

0.51 

0.58 

0. 

63 

0.68 

0.71 

0. 

75 




0.6 

0.4 4 

0.3!) 1 

0. 

34 1 

0.3 

0.28 

0. 

24 

a - 

- 0 . T) 

*1 

0 . 75 

0.83 

0.88 

0. 

0 i 

0.92 

0.!)3 

0. 

94 



c 

0.38 

0.47 

0.54 

0. 

6 

0.64 

0.07 

0 

72 


0.0 


0.53 

0.47 

0.12 

0. 

38 

0.34 

U..31 

0. 

27 

rf . 


0.73 

0.82 

0.87 , 

0. 

9 1 

0.91 ! 

0.93 ! 

0. 

91 



c 

0..34 

0.43 

0.5 1 

0. 

55 ! 

0 . 6 i 

0.6.3 ' 

; 0. 

,68 


: ■ 0.8 

t 

-itil* 

0.58 

0.53 

1 0.48 

[o, 

.44 

1 

1 0.37 

i 0 

.32 

a ^ 

n 

0.71 

0.8 

0.85 

i 0, 

.88 

! 0.9 ! 

! 0.92 

! 0 

.!).3 



c 

0.3 1 

0.37 

! 0.44 

! 0, 

, 5 

! (4.54 ! 

! 0.57 

1 0 

. 6;:i 



^tllo 

0.62 

0.57 

0..')2 

1 

,48 

0.44 

! 0.42 

i 0. 

. ;i6 

a 

- 1 

n 

0.69 

0.7« 

0.83 

' 0, 

,86 ! 

0.8!) ! 

! 0.!) 

i 

.!)2 



c 

0.26 

0.34 

! 0.4 

! 0 

.45 i 

I 0.49 

i 0.53 

' 0 

.59 



^ino 

0.65 

1 0.6 

j 0.56 

i 

.52 

0.48 

0.45 

1 0, 

. 1 

a -- 

--- 1 . 2 

Y| 

0.68 

1 0.76 

1 1 

i 

.85 

[ 0.88 

0.8!) 

i 

.92 



C 

0.24 

1 0.3 

1 0.37 1 

1 0 

.41 

1 0.45 

0.49 

: 0 

. 55 



y 

0.7 

0.65 

0.61 

! n 

.58 

0.54 1 

1 0.51 

! 0 

.46 

a = 

= 1 . 

^1 

0.65 

0.74 

0 . 7!) 

1 0 

.83 

0.86 

i 0.88 


.9 



c 

0.2 

0.26 

0.31 

1 0 

. 35 

0.39 

1 0.43 

! 0 

.49 



^nie 

0.73 

0.69 

0.65 

0 

.62 

0.59 

0.56 

! 0 

51 

a - 

2 

n 

0.53 

0.72 

0,78 

0 

.82 

0.85 

0.87 

6 

.89 



c 

0. 17 

0.22 

0.27 

0 

.31 

1 0.35 

0.38 

! 0 

.41 



^riic 

0.76 

0.72 

0.69 

0 

.65 

0.63 

0.6 

Fo 

. 55 

a ^ 

2 . 4 

C 

0.62 

0.71 

0.76 

0 

.8 

0.83 

0.86 


.88 



0.15 

0.2 

0.24 

0 

.28 

0.31 

0.34 

1 0 

.4 


Note. For singly-reinforced rectangular shapes and T-beams with flanges in 
the tension zone, the values of t], and c are determined from Table 13 

when == 


4 * 
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Maximum deflections of bending members, as established by 
building code, are presented in Table 14. 

Table 14 

Maximum Deflections for Bending Me'mbers 


l£lemenl considered 

Maximum deflection 
(given as a ratio of the 
span) 

1. Overhead-cTrine girder; 


hand operated 

1/500 

electrically operated 

1/600 

2. Flat-ceiling floor construction: 


/ < 7 m 

1/200 

/ >. 7 rn 

1/300 

3. Ribbed-ceiling floor construction and ribl)ed 
stair flight: 


/ < 5 m 

1/200 

b m ^ 1 < 7 m 

1/300 

/ :>= 7 rn 

1/400 

4. Roof construction in industrial buildings 


/ < 7 in ' . . . . 

1/200 

/ .' 5 = 7 m 

1/300 


Note. If ceilings aie plastered, the deflection from the live load must not 
exceed 5 ^. 1. 


Deflection is computed on the basis of rigidity B by the methods 
of Structural Mechanics. Thus, in a simple example of a freely sup- 
ported bending member bearing a uniform load if the deflection in 
the middle of the span 

' mB • 

The actual conditions at the supports are a very important fac- 
tor in deflection calculations. If the supports of the beam are built 
in properly and well grouted, deflection is decreased in the middle 
of the span. The building code recommends that the bending mo- 
ment at the supports for slabs, floor panels, etc., built into the wall, 
be taken as 15% of the moment of a freely supported member. In 
this case, with the element elastically fixed at both ends and assum- 
ing a uniform B rigidity for its entire length, the deflection in 
the middle of the span will be 

/=0.0107^. (103) 

The a, stresses are likewise determined through the moment, 

decreased by 15%, i.e., it is considered that the moment in the 

span’s centre 

M"=0.106(/^/‘. (104) 
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4. Calculating Fissure Widths 


Fissures will form in the concrete’s tension zone when its stresses 
are equal to, or exceed, its ultimate tensile resistance, i.e., when 

Under these circumstances the stress lines will take 

the form shown in Fig. 28 (Stage la). 

The elasto-plastic moment during fissure formation in Stage la 
for a rectangular beam will be 

irfi,=(0.292+0.75a,) ft/i* (105) 

and for a T-beam whose flange is in the compression zone 


in which 


W',i,=(0.292+0.75a,H-0.0075Y;) bh\ 


bfi ’ 


Y. 


2 ( 6 ;, - (0 

' lih^~ 


(106) 


If the trivial deformation of the tension-stressed concrete be ig- 
nored, the width of the fissures can be computed through iiieaii 
bar deformation and fissure spacing 


^his' ^s.ine 


/ 

p ^fis 


(107) 


where \|) is taken from Tables 11 and 12 just as for rigidity compu- 
tations; 

a, is determined by formula (100); 

hii — fissure spacing as computed for smooth bars by the formula 

= (108) 
where is found in Tables 11 and 12 under the knowns a and y, 


5 — the cross-sectional perimeter of the bars. 

The values of /(j^, derived from formula (108), are multiplied by 
0.5 for intermittently deformed bars, and by 1.25 for cold-drawn 
rods in prefabricated mats and blocks. 

In silos, smokestacks, and in structures subjected to repeated 
dynamic loads or exposure to the weather or to very moist air (more 
than 60"o humidity), fissure w'idth must be verified and must 
not exceed 0.2 nun. 
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Sec. 12. ILLUSTRATIVE PROBLEM IN CALCULATING AND DESIGNING 
A REINFORCED CONCRETE BEAM 


floor plan 



Jiesian diagram of beam 



Shrar dtaprom Q 


fjl de sign 

'l 


firndrng monwnt ilmgrani M 



0 



Illustrative problem 10. 
Given; a single-span floor 
beaVn in a factory building; 
clear span between w'alls 
/^.,r=4 m (Fig. 44, a), centre 
spacing of beam is 6 m; 
depth of beam bearing is 
0.25 m. Loading is uniform: 
specified dead load is 
300 kg/m®, specified live 
load is 500 kg/m®. Live 
load coefficient rt,=rl.l, dead 
load coefficient n 2 = 1.2. Grade 
of concrete 150-A. Intermit- 
tently deformed St-25r2C steel 
longitudinal bars, hot-rolled 
St-3 steel upright bars (stir- 
rups). Service coefficient 
maximum allowable 
fissures ajjj.^0.2 mm. 

Compute the beam and 
design it in 2 alternatives: 
with prefabricated and with 
tied blocks (single bars). 

Solution. 


fig Pin. Illustrating proOloni 10: floor plan, and 
structural and moment diagrams; /cicar-Uni 

a) dead load of floor construction: 
300x6—1,800 kg per metre length. 

To Imd the dead load of the floor construction 
roughly assumed as 


1) Computing the load for 
1 metre of the beam’s length. 
The specified load will be: 


the beam’s cross-section is 


cm, 6. =0.5// =20 cm; 


0. 4 X 0. 2 X 2,500=j00 kg per metre length. 

In all. gs =2,000 kg per metre length. 

b) live load: p'’ =500x6=3,000 kg per metre length. 

Total design load. 

4_;7s/i2=2,000xl. 1-f 3,000x1. 2=2.200+3,600=5, 800 kg per metre 
length. 


2) Determining the design forces M and Q. EfTective span /jes=:l .05 X /ci = 
= 1.05X4=4.2 ni. 

Maximum moment in the middle of the span 


5,800x4.2= 


— 12,800 kg m. 


Maximum shearing force at the supports 
///des„ 5,800X 4.2 
^ "2 “ 2 


12,200 kg. 
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3) Gathering design data for dclcrrnining the cross-section: 

/^be^85 kg cm*. /^t-:-.5.8 k8;Cin^ 

For longitudinal bars 7?^— 3,400 kg cm®; m^—i. For upright bars (stirrups), 
/^s=2,100 kg/cm®; m^— 1, mjj=^0.8 

4) Computing resistance at a normal plane. 

Assuming the width 6=20 cm and a=0.4, the rough height ol the beam is 
first determined: 

From Table 10, /•„ 1 .77. 

Formula (39) gives 


t/“ 1.280.000 

F 1 X 85 X 20 * 


cm; /i *^18 + 3=51 cm, 


and the final decision is 6 50 cm; /Zjj=47 cm, 6=20 cm. 

Then from formula (37) A^- -j ^ ^ ^ =0.342. 


From Table 10, Yo — ^-78- 
I-rom formula (40) 

Cs-r 


1 X85 X 47® X‘-^0 ‘ 


1.280.000 


10.3 cm®. 


which is satisfied by 40l8nA (6^-— 10.18 cm*) placed in one tier. If prefabri- 
cated blocks are used, two of them with elTeclive bars on both sides of each 
are placed in the beam width. 

5) Computing diagonal-plane resistance when the reinlorcement consists of 
prefabricated blocks. 

Checking whether condition (64) need be observed lor the diagonal plane: 

A X 5.8 X 20 X 47=5.450 kg<Q = 12,200 kg, 


\vhich shows that the condition must be observed. 

lable 4 gives the minimum diameters of upright bars of 1) locks to satisfy 
welding requirements; d2-=8 mm; /si=-0.5 cm®; ri=2. 

From formula (75), kg'em. 


Spacing of upright bars: resistance .equiremenls by formula (76) g'.ves 


u 


lXt)-8X 


2,100X0.5X2 

66 


—25.5 cm; 


maximum spacing is derived from formula (79) 

0.1 X 85 <20 V 47® 

«.Ma* - 12;20() 


=30.8 cm; 


and condition (79a) indicates that 

h 50 _ 

u^-^=Y=2o cm. 


Therefore the final decision is «=25 cm. 

Determine data for beam design as required for bending-moment resistance 
at the diagonal planes. 

All longitudinal tension bars are carried to the supports. The length 
of bars protruding beyond the supports must equal 15d=l5 X 1.8=27 cm, which 
cannot be fulfilled with the g‘ven 25-cm depth of beam bearing. Protrusion 
can only be 23 cm, which, being more than 10 d, does not require special 
anchorage; the area of the upright bars need merely be increased for 

a length of -j- 1 .5/i=23 + 1 .5 X 50=98 cm, or I m. 
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Pan-sliapod mats are installed along this length. Their bent bars, spaced 
identically with the upright bars (m^- 25 cm), must have an area of 

/mat=^*=-^=0.25 cm>, ; • 

which is satisfied by 06 (^jjri=0.283 cm*). 

Fig. 44,6 illustrates the working drawing of the beam. 
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Fig. 44b. Illustrating problem 10: the beam is reinforced with prefabricated 

(welded) blocks 


6) Computing the diagonal plane resistance when the reinforcement consists 
ied blocks. 

U-shaped stirrups are used, 06 mm, /j,t=0.283 cm , n=2. 

Their spacing is given by formula (79); u=30.8 cm. 

Condition (79a) dictates that w=25 cm. 
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Fig. 44c. Illustrating problem 10: when the beam reinforcement consists of 

tied blocks 


The length of the beam, upon which -^->Qst. c» ^^1 cm (Fig. 44, c); there- 
fore only one bend transverse is required for the inclined bars (bent at 45°), 
with a bar area, from formula (73), 

12,200-9,250 , 

“ 1 X 0.8 X 3,400 X 0-707~‘''^ ’ 

■which is satisfied by 2018DA (f,=5.09 cm*). 


105 







The required two protrusions (/pro=l‘’^ X 1 8=27 cm) of the bars that are 
continued to the supports, are fuHilled by making suitable bends at the ends 
ot these bars. 

In the course of designing, an additional check must be made of the cor-, 
rect position of the bent-up bars. 

7) Detlection computations. 

£,= 165,000 kg/cni'; £,-:.2,100,000 kg cm*; rt=-f-5=12.7: u=--i2J!|:-=0.0108; 

' 20 X! 47 

a=3fui=3 X 6.0108 X 12 7=0. 41; y'=0. 

From Table 13 q- 0.77; 6 ---0,42. 

The specified load 

q"* --g'’ — 2,000 4-3,000=5,000 kg per metre of length. 

The bending moment from the specilied load 




5,000 X 4.2^ 
8 


==11,000 kg rn. 


From formula (100) 0^= 4 ( y Y^ ~ Vxj '~ 7 ^~^ 47 — 3,000 kg, cm*. 

When Qs — 3,000 kg'em* and a=--0.41, Table 11 shows that ij^^O.OO and k^=3A. 
From formula (101) heam rigidity from the momentary load will be 

^9^- )< 10.18 X 0.42 X 47*--=2 X lO'" kg/cm*. 


When both the constant g^, and momentary acting loads have been 
ascertained, then rigidity is computed hy formula (102) for protracted action 
of the loads: 


g^ 


r_-: 2,000 4-- (500 — 150) 6 4,100 kg per metre of length; 

150 <(3 — 900 kg per metre length; 

~ 4.100 4- '^1^0 5,000 kg per metre of length; (9 — 2; 


B~2X 


5.000 


4,100X 2 + 


1.1 X 10'" kg/cm*. 


The (leHection in the middle of the span 

_ b q/’ 5 V 50 X 420’ .1.^1 

' 384 X ^ 384 X 1 .1 X 10*" ^ “ 226 ^ ^ 200 ' 

8) Compulation of fissure width. 

The total cross-sectional perimeter of the bars 

5::nr4X 3.14 X l.8rzr22.G cm; 


u 


F,_ 10. 18 
.S"'"" 22.6 


0.45. 


From formula (108), fissure spacing 

/f s 3.4 X 12.7 X 0.45 := 19.4 cm. 


but with an allowance for intermittently deforme 1 bars 
/jj,r=:0.5X 19.4 = 9.7 cm. 


From formula (107) fissure width will be: 


0.14 mm < 0.2 mm. 
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AXIALLY AND ECCENTRICALLY COMPRESSED ELEMENTS 

Sec. 13. AXIALLY COMPRESSED ELEMENTS 
1. Their Design 

When a longitudinal compressive force N acts along the geo- 
metric axis of a reinforced concrete element, the latter is subject 
to axial compression (Fig. 45, a). Columns are the most typical 
examples of axially com- 
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effective bars 


pressed members (Fig. 45, b). 

Other members that undergo 
this type of compression are 
the top chord of trusses whose 
loads are transmitted to them 
via their joints (Fig. 45, c). 
truss posts and struts, and 
various other kinds of ele- 
ments. Axially loaded mem- 
bers are usually rectangular 
<or square) in section and 
reinforced with reinforcement 
blocks made up of longitud- 
inal effective bars whose 
area is derived through cal- 
culation, and of stirrups, the 
latter preventing bulging of 
the longitudinal bars under 
load. 

Columns are made in mul- 
tiples of 5 cm in their cross- 
section, and usually not less 
than 25x25 cm; longitudi- 
nal effective reinforcement is 

placed about the sectional perimeter with allowance for pro- 
tective embedment. In order to pack the concrete properly, 
the least clear distance between bars is dependent upon the method 



r/g. 45. Axially compressed reinforced 
concrete elements 
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of concrete pouring; this minimum must be 5 cm for vertically 
poured columns (as in in-situ work), but if the element is prefab- 
ricated in a horizontal position (precast columns and trusses) the 
clear distance may be the same as for bending members. 

12-40 mm bars are used for effective longitudinal reinforcement^ 
whose area in relation to the concrete area of the member 
is known as the coefficient of reinforcement p: 

(109) 

^ C 


This coefficient, multiplied by 100, is the percentage of rein- 
forcement p%: 

p.%-45xl00. (110) 

If then the area F^ is assumed to equal the entire area of 

the member F. But when p>3%, then it is considered that F^ ^^ 

= F — F^. Commonly, 


o) 




-\-T| 


-'V-I 


□ 



Spol- welds In 
assembling the 
block 



minimum 

building 


ini 


d) 


e) 


r) 


H=l-2«i; the 
allowed by 
code is 0.5%. 

Prefabricated blocks 
may be made either as 
a complete unit (Fig. 
46, a) or welded from 
several flat frames (Fig. 
46, b and c). 

In tied blocks the 
stirrup bars are bent to 
close around the peri- 
meter (Fig. 46, d). If the 
effective reinforcement 
is closely spaced, addi- 
tional rhombus or trape- 
zoidal stirrups are used 
together with the rec- 
tangular stirrups, so 
that at least every other 
longitudinal bar is em- 
braced by a stirrup cor- 
ner (Fig. 46, e and /). 
The diameter d of the longitudinal compression reinforcement 
qualifies the diameters of the stirrups d^. Thus, d^{r^-2bd (but not 
less than 6 mm) for stirrups of hot-rolled St-0 and St-3 rods. For 
d^(^0.2d (but not less than 5 mm). The mini- 
stirrups is also regulated by welding conditions 


□ Q 
O 


d 


m 
UJ 


Fig. 46. Reinforcing axially compressed columns 


cold-drawn stirrups, 
mum diameter of stirrups is 
(see Table 4). In order to hold, and prevent bulging of, the effective 
bars, their diameters d are also a factor in determining stirrup 


m 




/r1' 


spacing u\ in prefabricated blocks w<20d; in the tied type of blocks 
u^lSd. Furthermore, structural considerations dictate that stir- 
rup spacing must not exceed the least sectional dimension of the 
given member fe, nor be more than 
40 cm. In tied blocks where the bars Core 

are overlapped without welding, and 06-i6mm 

also where p > 3%, stirrup spacing 
cannot be more than \0d of effective x 
bars. f -i ^5-2cm 

When a comparatively small sec- ^ 
tion must resist a heavy longitudinal LongitudinaL 

force, round or polygonal columns ^ 

are sometimes adopted, reinforced ^ 

with longitudinal bars bound either fif|| 
by a spiral or welded hoop-ties (per- 
pendicular reinforcement). The car- 

rying capacity of the member is con- __^n^cm 

siderably raised by such spirals or ties 

(Fig. 47), which create a casing around Il—IM 

the concrete core and prevent Irans- Spiral reinforcement in 

verse deformation of the latter. a column 


Longitudinal 
7 effective 
bars 


Vs d core 

Sj^dcm 


2. Computation Formulae for Rectangular 
Axially Compressed Elements 

Let us examine the stress deformation in the section of an axially 
compressed reinforced concrete member subject to a force N (Fig. 

48, a). The stress in the 
hV concrete area is equal 

1 /v that in the 

1 — n ? 4i ri equal to 

I ' o^. The outer force N is 

/ mjl “ o at all times balanced by 

1 H — T ^ the internal resistance of 

^ ^ li — the concrete and bars: 

t: (111) 

f - Concrete creep effects a 

redistribution of stresses 
between the concrete 
¥ig, 48. Behaviour of an axially compressed steel (Fig. 48, 6), 

«-whon first lo.der"-a(ter creep hos set in: tests have prOVCd 

Vj > V that failure of an axially 

compressed member oc- 
curs when both the concrete and steel are subject to ultimate 
stresses. From this, condition (111) for strength takes the form of 
N <,tn(R^,F^+m^R^F^), (112) 


109 




^^hich, after F. has been removed from the brackets and when it is 

P 

considered that =|.i, becomes 

■ . (113) 

The ultimate compression of concrete, i.e., its comparative de- 
formation at failure ^^0,002. The bars undergo the same defor- 
mation at failure because of the concrete-steel bond, hence their 
stress cannot exceed -0.002 x2, 100,000^4,200 kg/cm*. If rein- 
forcement is used that pos.sesses either a higher yield point or great- 
er ultimate stress (hard steels), then an equal to 4,200 kg/cm^ 
is introduced into formulae (112) and (113). This implies that high- 
strength bars are not rational for axially compressed elements, 
inasmuch as the steel’s full resistance cannot be taken advantage of. 


3. Buckling 

Experiments have established that only if the buckling of an 
axially compressed meml^er does not cause it to lose its general 
stability, failure will be due to the attainment of ultimate stresses 
in the concrete and steel. In llexible (very long) elements, destruc- 
tion by buckling will lake place even before the stresses in the 
concrete and reinforcement bars reach R^^ and R^, respectively. 
The lowered carrying capacity of flexible axially compressed mem- 
bers is accounted for by the coefficient (p<l introduced into for- 
mulae (112) and (113) and which de|)ends upon the llexibility of 
the element: 

A' (fv/j ( (114) 
or 

N ^::i[mF^(R^^-\ mj^^. (115) 

Flexibility is judged by the relationship of the design length 
to the least radius of gyration r of the section. The design length 
depends upon how the ends of the member are fixed: if both ends 
are stationary-liinged, the unsupported length will equal the actual 
length, i.e,, if one end is fixed while the other is stationary- 

hinged, then /,^ 0.7/; with both ends fixed, /„--0.5Z, and, finally, 
with one end fixed and the other free (unrestrained support), l^^2L 
In all other cases the unsupported length will depend upon the 
actual condition of fixing. 

Tests have proved that a decrease in carrying capacity due to 
buckling will occur at a flexibility of ^>50, which corresponds to 

a relationship of y>14 for a rectangular section. Rectangular 

columns with a relationship of -“>30 or -^^>25 are, as a rule, not 
used. 
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Values for buckling coefficient q) in computing axially load- 
ed reinforced concrete members are presented in Table 15. 


Table 13 


Buckling Coefficients cp for Reinforced Concrete /Wembers 


l,lr 
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4. Determining the Cross-Section of Axially Loaded Members 


Two types of problems are met with in determining the cross- 
section of an axially compressed member when the knowns are the 
longitudinal elTective force, the memberks elTective length, and 
the grades of concrete and steel. 

]st type. The sectional dimensions are known. The area of the 
bars is to be fognd. 


Sequence of procedure. 

1) y is determined, the coefficient ff is taken from Table 15 and, 

depending upon the sectional dimensions, the coelhcient ///’ is 
found. 

2) From formula (114) 


N 

(\m 


F I r^c 


///s/^s 


( 116 ) 


If F^<0 or p<0.5^’o, then either installation bars are adopted 
with the cross-section is diminished (if possible), 

or the grade of concrete is lowered. 

2nd type. Both the bar area and sectional dimensions are to be 
determined. 


Sequence of procedure. 

1) It is assumed that (p--=l and ii - 1 (,u 0.01). 

2) From formula (115) 

p ^ . 


(117) 


Sec Chapter 11, Sec. 4, Item 4. 
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3) Sectional dimensions are established. With a square section 

If necessary, a mulliple of 5 cm is adopted and is recti- 
fied. For an in-situ column less than 30 x 30 crn, m = 0.8 

4) (p and are found as in the 1st type 6f problem. 

5) Formula (110) gives the value of p. If the percentage of rein- 
forcement is too high or too low, the dimensions are altered and 

is again evolved as in the 1st type of problem. 

When the carrying capacity of a given cross-section is to be found, 
the procedure will be as follows: 

1) ~ is determined and cp is taken from Table 15. 

2) is derived from formula (114) or (115). 


Illustrative problem 11. Given: lontjitudinal clesit^n load A^ = 140t, cross-sec- 
tion of column is equal to 40 X 40 cm, grade 200-B concrete, bars to be 
hot-rolled St-5 intermittently deformed steel, member’s design length /o — 6.4in. 
Find the bar area 


Solution. 


1) Design data gathered: kgcnF, /?s 2,400 kg^cm^, rrig = 1, rn=\ 

(column dimensions exceed 30 < 30 cm). 

2) Solving: ~ 16 > 14. and Table 15 gives q)=0.88. 

3) From formula (116) 


r. 


14()^000 

■ T ).88 


— 80 X 40 X 40 


2,400 


12.9 cm*, 


which is satisfied by 4020 D (Fs= 12.56 cm*). 

Stirrups are of 6 mrn rolled wire > 0.2[^d) or 5 mm cold-drawn rods 
{d^i>0.2d). If the reinforcement consists of a prefabricated block, 8 mm later- 
al ties must be used to satisfy welding requirements (see Table 4). Stirrup 
spacing: 

u ~ 20d = 20'X 2=z 40 cm for prefabricated blocks; 
w = 15d — 15 X 30 cm for tied blocks. 

Illustrative problem 12. Given: longitudinal force A/ = 75 t, grade 150-A 
concrete, bars to be (y\ St-3 steel, /o~5.2 rn. Find the column’s sectional 
dimensions and bar area 1\. 


Solution, 


b 


1 ) Gathering design data: 70 kg/cm*, 2, 1 00 kg/cm*, — 1. 

2) Assume that 9 — 1, m=l, p=:0.bl (1%). 

3) From formula (117) 


. _ 75,000 

70 + 2, 100X0.01 


825 cm*; 


— y"825 = 28.6 cm. 

This is satisfied by a 30 X 30 cm column. 

= 30 X 30 = 900 cm*. 

I 520 

. 4 ) Solving: = -gg-= 17.3, and 9 = 0.83 according to Table 15. 
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5) When m = formula (116) ^ives 




7 5,000 
7). 83 


— 70 X 30 X 30 


1 X 2,100 


13.1 cm*, i.c., 


Therefore the formerly adopted sectional dimensions can he left unchanged 
and the bars will be 40*20 (/7 — 12.56 cm*). 

Illustrative problem 13. Given: an axially loaded 25 X 25 cm in-situ mem- 
ber (design length /,^:=5 m) made of grade 200-A concrete and reinforced with 
St-5 intermittently deformed 4016 D (7\ — 8.04 cm*). 

Find its carrying capacity. 


Solution. 

1) Gathering design daU: /^p^^OO kg'em*, -2,400 kg/cm*, = m=0.8 

(the cross-section is less than 30X30 cm). 

2) Solving: ~^-rz=:^~=:=20, from which (p=().73 by Table 15. 

3) F"iom formula (Il4) the ultimate force borne by the member 

X 0-8 (90 X 25 X 25 -f- 1 X 2.400 V 8.04)^44,000 kg=:r44 t. 

4) At a mean load coefficient of 1.2, the allowed specified load 




N 


44 

1.2 


--36.7 1. 


Sec. 14. ECCLNTRICALLY LOADED ELEMENTS 

1. Their Design 

Eccentric compression is created either when a longitudinal 
force N is applied outside thecentre of gravity of a section, or when 
the latter is effected simultaneously by axial compression N and 
a bending moment M (Fig. 49, a). Here the eccentricity of the 
force, i.e., the distance from the centre of gravity to the force 



Examples of eccentrically compressed construction are: members 
of bents, such as columns of frame buildings (Fig. 49, b and c), 
top chords of trusses loaded otherwise than via their joints 
(Fig. 49, d), and various other elements. 

Eccentrically compressed members may be either rectangular, 
or I - or T-shaped. As a rule the height h (along the plane of the mo- 
ment) is made greater than the width b and is usually a multiple 
of 5 cm. The reinforcement of such members consists of longitud- 
inal effective bars and stirrups, the latter connecting the whole 
into a welded or a tied three-dimensional system. 
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The effective bars are placed along the short sides of the section 
(Fig. 50), F'^ and F, denoting the bars nearer to, and further from, 
the force N, respectively. If the areas F'^ and F^ are not equal, the 



49. Eccentrically compressed reinforced concrete nicm’jers 



Fig, 50. Reinforcement of eccentrically compressed members 


reinforcement is said to be unsymmetrical; and symmetrical if 
F^=F’^. The total bar area {F'^+F^) is usually less in unsymmet- 
rical reinforcement than in the symmetrical, but the former is very 
often more complicated than the latter. Consequently it is best to 
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symmetrise the reinforcement if it involves only a slight increase 
of bar area (up to 5%). Symmetrical reinforcement is also adopted 
if the bending moment might invert its sign. 

When the height h exceeds 50-60 cm, auxiliary bars not less 
than 16 mm in diameter are arranged on the long side of the cross- 
section so that the distance between either effective or such supple- 
mentary bars dees not exceed 50 cm (Fig. 50, b). 

Reinforcement blocks are either completely fabricated by ma- 
chine welding or made of individual frames welded together (Fig. 50, 
a and b). In irregular contours (F'ig. 50, c) the stirrups are welded 
from separate rods. In tied blocks (Fig. 50, ^/), closed stirrups em- 
brace the section’s perimeter; if the effective bars are very numer- 
ous, rhombus or trapezoidal stirrups arc added sd that at least 
every other longitudinal bar is engaged in a stirrup corner. The 
stiffening rods on the long side of the member can be tied either 
with straight staples or grasped by the stirrups. Diameters and 
spacings of effective bars and stirrups (or upright bars of prefab- 
ricated blocks) are computed by the metliods already given for 
axially compressed members. The least effective bar area on one 
side of the given section is established by code as 2^o of the con- 
crete area (p- 0.002). The total bar area (F'-t-Fs) is usually not 
more than 3^‘o of the section’s concrete area. 


2. Computation Foimulae 
for Eccentrically Compressed Members 

Experiments have proved that the behaviour of an eccentrically 
compressed element depends upon the magnitude of eccentricity 

of the longitudinal force relation to the geometric axis. 

With a comparatively large eccentricity, the section will be partly 
undeF compression (near the applied force) and partly in tension 
(Fig. 51, a). Such behaviour is somewhat similar to a bending mem- 
ber, with failure occurring •when the stresses in the tension steel 
F, reach their ultimate value Here, just as in a beam, when the 
condition observed is {x^Q.55h^- for a rectangular sec- 

tion), the stresses in the concrete’s compression zone will attain 
In the compression bars F' the stresses at failure will also equal 
R^ if the centre of gravity of the compression zone is not closer to 
the force N than the centre of gravity of the bars F'. For any kind 
of symmetrical shape, this results in the condition of 2 ^li^ — a' 
(and x:^2a' for a rectangular shape). This type of failure in sections 
subject to eccentric compression is classified as Case 1 {behaviour 
under f^reat eccentricity). 

When there is comparatively little eccentricity, then either the 
whole section will be under compression (Fig. 51, c), or its greater 
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part (Fig. 51, b). Failure will occur when ultimate stresses are at- 
tained in both the compression concrete and the compression bars 
F'. But the stresses will not reach their ultimate value in the bars 
which will be either in tension (Fig. 51, b) or compression (Fig. 
51, c). This kind of failure is classified as Case 2 {behaviour under 
small eccentricity) and takes place when 5^>0.8S„ {x>0.5bh^ for 
a rectangular section). 

Computation formulae for eccentrically compressed elements 
are derived through an analysis of the conditions of a balanced 
section subjected to design stresses in the concrete and steel. 



Fig, 51. Stresses in eccentrically compressed members 


a) A Cross-Section of Any Symmetrical Shape. Notation: 

— static moment of the area of the entire concrete section in 
relation to the centre of gravity of the bars F^; 

S'— ditto in relation to the centre of gravity of the bars F'; 

S^ — static moment of the compression-concrete area F^ in relation 
to the centre of gravity of the bars F,; 

S,-F,^; (119) 

e — distance from point of applied force N to the centre of grav- 
ity of the bars 

e ' — distance from point of applied force N to the centre of grav- 
ity of the bars Fj. 

Case 1 (The stresses are shown in Fig. 52, a). 

Two conditions for resistance are evolved, i.e., 1) when the sum 
of all projected forces on the axis of the member is equal to zero, 
and 2) when the sum of the moments of all forces, in relation to 
the centre of gravity of the reinforcement F^, is equal to zero: 

< m (^be^c+'”.s^/s — (120) 

Ne^m iRb^S^+rn.R.F'i {h^ — a')]. (121) 
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The position of the neutral axis is derived from condition (120). 
As already stated, the condition to be observed to attain ulti- 
mate stresses in the bars is 

z^h^ — a\ ( 122 ) 

Case 2 (The stresses are given in Fig. 52, 6). 

Formulae for Case 2 are derived from empirical data: irrespective 
of the kind of stress diagram (either Fig. 51, b or Fig. 51, c), the 



Fig. 52. Investigations of ecccnirically compressed members 


moment of the force in relation to the centre of gravity of the 
bars will be constant: 

const (123) 

The condition of zero-equivalence of the sum of the moments 
of all forces in relation to the centre of gravity of the and rein- 
forcement F[., offers the formulae for resistance: 

Ate < m {h, — o')]; (124) 

A/e' — a')J. (125) 

When S^>0.8Sp and when the force is applied beyond the cen- 
tres of gravity of the steel f , and A”, i.e., when e>h — a', the sec- 
tion’s carrying capacity will be dictated only by condition (124). 

b) A Rectangular Cross-Section. The practical way of finding 
the case for a rectangular eccentrically compressed cross-section 
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is by its eccentricity if e^> 0.3h^, it will be Case 1; if e,^0.3/i„, 

it will be Case 2. 

Case 1. e.> 0.3ft ; x^0.55h'., x^s-2a' (the stresses are shown in 
Fig. 52, c). 

For a rectangular section 

F^-^^bx, 

. h 

c'=-e— (ft, — a') 

when the force N is applied beyond the space between the centres 
oi gravity of the reinforcement and F, 

when the force N is applied within the centres of gravity of the 
j t'lnforcement F^ and F’ , 

b s’ 

-J. 

S„^-hhJ-^^0.5bhl 
So = 0.5ft (fto)*, 

S^ - bx(h^~ F-] . 

Conditions (120) and (121) for resistance in rectangular sections 
give 

JV < m (R^^,bx+tn^R^Fs — ni^R^t\)\ (126) 

Nc < m [/?b,ftx (fto — {K — «')] • (127) 

The position of the neutral axis is determined by condition (126). 
Case 2. e^^O 3ft„; x:>0.55ft,,. 

Condition (124) for resistance takes the form of 

Ne^ni l0.5R^^bbl+m^R^Fi (ft, — a'), (128) 

and, correspondingly, condition (125), which must be observed 
if the force is applied between the centres of gravity of bars F^ 
and F', takes the form of 

ft/e'^m[0.5;?^,ft(ft:)*+m,A>3Faft.-fl')l. (129) 



n 




,v 

V' 

I 

I 

i 


3. The Influence of Deflection in Eccentrically Compressed Member-^ 

An eccentrically applied load may cause considerable deflec- 
tion in a long member and increase the initial eccentricity of 
the longitudinal force N (Fig. 53). This will increase the bending 
moment and failure will occur with less force N 
than in a similar, but shorter, section that 
would flex very little at failure. Development of 
plastic deformation in the concrete’s compression 
zone also adds to this eccentricity. Long eccen- 
trically compressed elements are calculated by 
already given formulae but with the introduc- 
tion of a new, greater eccentricity* instead of 
the initial e^\ 

(130) 

in which the coefficient introduced to in- 
crease the former initial value, is based on the 
amount of deflection of an eccentrically com- 
pressed homogeneous shaft, with allowances 
made for the plastic properties of concrete on 
the basis of empirical data. 

For any symmetric shape 


/ 'J 


1 - 


N 


ni X 4,800 X R\^q 


iW 


(131) 


Fi^. 5<3. How deflec- 
tion of an eccentri- 
cally compressed 
clement inlluenccs. 
its behaviour under 
load 


and for a rectangular shape 

Ti = 


1 ~ 


N 


mx400/?bc/ 


Aif 


where F — area of the section; 

r — radius of gyration of the section; 
h — dimension of the rectangular section in the plane of th (7 
moment. 

Just as in axially loaded members, the design length of the ele- 
ment is determined in accordance with the type of the end con- 
nections. 

The diagram in Fig. 54 is practical for determining values of 
the coefficient r]. 

Deflection is not taken into account when length is 
which latter corresponds to a relationship of 10 in a rectang- 

ular section. 


* With the exception of formulae (125) and (120). 
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W U 1.2 1.3. f.4 ISIS 1.71.8 IS 2.0 2. J 2.2 2.3 2.4 2S 





design length 

'’oi-I.33f^ 

10 U12 13 14 IS 1.6 1.7 m 13 2.02.1 22 23242.5 
Values of q 


^ l " 

0 

3 

5 

10 

1 

15 

0 . 1 

0.82 

0.71 

0.50 

0. 45 

0. 42 

0 . 2 

0. 76 

0.04 

0.53 

0.4 4 

0. 39 

0 . 

0 . 72 

0.02 

0.53 

0.44 

0 . 30 

0. 4 

0.71 

0.02 

0.51 

0.42 

0 . 37 

0 . s 

0.71 

0.01 

0.5 

0.37 

0.29 


Fig. 54. Diagram for determining the coefficient r\\ the 
value p in the Table is for T-beams 


The stability of eccentrically compressed members must be ver- 
itied also along the plane perpendicular to the moment. Such an 
investigation concerns only the longitudinal force N (the bending 
moment is ignored) and is done through formula (114) just as for 
axially loaded elements. 




4. Determining the Cross-Section of a Rectangular, Unsymmetrically 
Reinforced Eccentrically Compressed Element 


The formulae given above can be used only for verifying the re- 
sistance of a known member. But usually the knowns are the forces 
At and N, the grades of materials, and the sectional dimensions, 
and it is required to find the reinforcement area and F . 

Case 1. 

e.~^>0.3h,. 


The two equations (126) and (127) contain three unknowns: 

F, and x and can therefore be solved through various values of F, 
and F'. But in choosing the most economical solution, i.e., the 
one giving a minimum total area of reinforcement (F^+F^), a 

mathematical analysis indicates that such a minimum for compil- 
ing the formulae for F, and F'^ will be when x^0.55h„. 

Thus, from formula (127) 


F, 


m 


Ri,^hx - 
"hFs {li„ — u') 


X 

y 


which, after inserting 0.55/j„ instead of x and performing a simple 
conversion, becomes 


Ifl 

i'h — «') 

From equation (126), when j;— 0.55/?i, 


(133) 


^4-0.55/?heWi,-f/ns/?.F 




and in its final form is 


F. 


0 .5TjR\,^bli^ — 
'«sWs 


N 


+ F. 


(134) 


The results of formula (134) are justified only when formula (133) 
gives a sufficiently large value of F' for the cross-section. But 
formula (133) too often reveals a negative F^ value, the physical 
meaning of which is that there is no need of compression bars (i.e., 
x<0.55hj. In such a case, bars F' are installed as supplementary 
reinforcement on the basis of p.;^jj,=0.2%, i.e., 


p' 0. 2 X bhff 

100 


(135) 
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while the area is computed as follows: the force N is transferred 
lo the centre of gravity of the reinforcement and a moment M = Ne 
(Fig. 55) simultaneously applied. The stresses (disregarding the 
iransferred force N) will then be the same as In a doubly reinforced 
beam. The resistance of the compression bars 
and their equal area in part of the tension 
bars will take the moment 



-a'). 

moment 


(136) 


(137) 


^be 


liQ. 55. Determining 
the area f yof reinforce- 
ment when the bars 
F's are only used as 
s upplementary rein- 
torcernent 


while the remainder of the 
Mx-.^Ne — M' 

will be resisted by the compression concrete 
and the rest of the tension bars; Fst—F, — f'. 
Under such circumstances, the condition 
is obligatory. 

The bar area Fsi is computed just as in a 

M\ 

singly reinforced beam: d 'V'/' z solved, 

a corresponding y, value is picked from Ta- 
ble 10. after which Fsi is evolved through 
formula (40). The full amount of tension 
steel will be 




N 


mm^R^ 


(138) 


The last term of formula (138) represents the transference of 
the longitudinal compressive force N to the centre of gravity of 
the reinforcement F^, with a corresponding decrease of tension in 
the latter. 

The above calculations are also executed if the area of the com- 
pression bars installed as a supplementary element is more 

than that resulting from formula (133). 

With a relationship of -^>10, the eccentricity of the longitud- 
inal force N in formulae (133) and (137) is calculated as 

( 139 ) 

Case 2. ^ 0.3/j,. 

The formula for the area F'^ is given by equation (128), 

m,RAh,-a') ' 
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and takes its final form when is replaced by 0.8^i,^, i.e., 

“ ' (/J„ — a') ' 


which is the same as formula (133) in Case 1. 

The area of the reinforcement depends upon the stress diagram 
of the section. 

Thus with a very smalt eccentricity, the entire section will be 
in compression and the bars must satisfy compression require- 
ments through a formula based on condition (129) after R ^ has 
been replaced by 0.87?^^,: 



nisRs (*0 — “') 


(140) 


With an eccentricity of 


0.3/1, 0.1 


the steel F, will be either in compression or tension, but the stre.s.ses 
will be insignificant and the bars may be installed as stiffeners 

(ll.in-0.2%). 

with this eccentricity, if the grade of the concrete is low (less 
than 150) and if according to formula (133) the area of the compres- 
sion bars fs is more than 2%, it will be well to check the rein- 
forcement by formula (140). 

With a relationship oi ■—> 10, the increased eccentricity of the 

longitudinal force, as given by formula (139), is valid only for 
computing the bar areaF^, If the cross-section is entirely in compres- 
sion and the steel is determined through formula (140), then the 
influence of deflection on the rate of eccentricity will be negligible 
and can be ignored, since this means that r\^\. 

Jsl type of problem. Given: sectional dimensions b and A, the 
length elTective forces M and N and the grades of conc^’ete and 
steel. To find: areas of reinforcement F^ and F'^. 

Method of procedure. 

1) Design data is gathered: 7?^,, 7?,, m,, e„ - y. 

2) Solutions are found fore: if -^=^10, then a', 'f^> 10, 

then e=e,ri+- 2 - — o.. The coefficient q is taken from the diagram 
in Fig. 54 or derived through formula (132). 


* This condition will be if the materials are grade 25r2C steel 

and grade 200 (or lower) concrete. 


123 



3) F' is solved through formula (133); if it is a negative quantity 
or less than the structural minimum (0.2%), then it is computed 
by formula (135). 

4) F, is calculated; if fc„>0.3/i„ and formula (133) gives an area 
of the bars Fj in excess of the structural minimum, then F, is de- 
rived from formula (134); if e„>0.3/i, and F' is to be supplemen- 
tary steel, then formula (138) is used to find F, after Fsi has first 
been determined; if 0.3/i,^e,> 0. 15/i„ with grade 150 (or higher) 
concrete and with p'^2%, then F^ is considered as supplementary 
steel (Pm,„^0.2%); if e„£^0. 15/j,, or if 0.3/i„;;2t!„>0. 15/t,, and with 
the concrete lower than 150 and with p'>2%, then F^is found 
through formula (140). 

5) The total percentage of reinforcement is found: 


The given sectional dimensions b yh may remain unaltered if 
0.4%=^p,„^<3%. Ifp,„,<4 %, the sectional dimensions may be less- 
ened, whereas if Pt„t>3%, theymust be increa.sed or a higher grade 
of concrete specified. 

6) An additional verification is made, through formula (114), 
of the member’s stability along the plane perpendicular to the plane 

I ^ 

of deflection if ~ > 14 after first having picked q) from Table 15. 

2nd type of problem. This problem differs from the 1st type in 
that the area of the bars F-^is given together with the other knowns. 
The method of procedure remains the same as above, except that 
the reinforcement F' is accepted as given. Hence, the area of the 
bars Fj, when e„>0.3/i„, is quickly found by formula (138). 

If a check is necessary of the strength of the given cross-section, 
the general equations are applied in the following order; 

1) Working data is gathered; R^, X’ T ‘ 

2) X is derived through formula (126). 

3) If x:^0.55/i„, the problem is one of eccentric compression be- 
longing to Case 1; hence, when xs>2a', a check of strength must be 

made either by condition (127) if 10 after first solving |- 

-1- y — a, or through formula (139) if y > 10. 

If x<2a', the strength of the section is verified, the reinforce- 
ment Fj being disregarded. 

If x>0.55ft„, it will be a problem of eccentric compression be- 
longing to Case 2; in this case resistance checking is done through 
condition (124), and additionally through condition (125) if e <h^~a\ 


m 



Illustrative problem 14. Given: longitudinal effective force N—42 t; effec- 
tive bending moment A1=12.2 t/rn; cross-section 6—25 cm, 6^=40 cm: effective 
length of member /,)— 6 m; concrete, grade 200-A; reinforcement, St-5 intermit- 
tently deformed bars; m=\. To be determined; and 


Solution. 

1) Gathered design data: /?pr=--90 kg/crn*, l 10 kg/cm*, .=2, 400 kg/cm*. 


nh= 1 . 


I, 600 


10. “-24 > 14. .-.'-O 

b 25 

M 12 2 

€^=--^-^^0.29 m=29 cm. 


cm, 37 cm. 


2) A value is assumed for r\ by means of the diagram in 
to determine e: 


N 


42,000 


rnbhR^^ 1 X 25 X 40 X 100 


r -0.382. 


Fig. 54 in order 


From the diagram: when ri,— 0.382 and :==15, we find that T)=I.28;and 

40 

from formula (139 )c-t= 29 X 1.28 + — - 3--X)4.1 cm. 

3) Solving through formula (133) 

. 42,000 X 54.1 - 0.4 X 1 10 X 25 X 37“ 2.270,000 - 1 .510,000 

^ s'" ■■ 1 X S/lOO (37 - 3) ' " ■■ 2.400 X 34 ' 

which is satisfied by 202OD -|- 20l4 D (F^=9.36 cin^;. 


fi'- 



9.36 X 100 
'25l^7~' 


1 %. 


4) Inasmuch as c^t)^29 X 1.28 > 0.3/i,,= l I cm and fi' > fi,„i„—0.2%, the 
value of I\ is derived through formula (134): 


fs- 


0.55 X 1 10 X 25 X 37 - 42,000 


2,400 

which is satisfied by 202OD -(- 2025D -16.10 cm*); 

16.10 


+ 9. 34 --.5. 83 + 9.34 = 15. 17 cm*. 




'25 X 37 


, 100=1.75%. 


5) The total percentage of reinforcement + F — 1 + 1.75=2.75% <3%; 

therefore the cross-section is satisfactory. 

6) Formula (114) serves for checking the member’s stability; Table 15 shows 
that when -^=24, (p=0.62; m=0.8 (inasmuch as 6 < 30 cm). 

The carrying capacity of the cross-section 
A^,.s=0.62 X 0.8 (90 X 25 X 40 + 1 X 2,400 X 15.32) = 64,240 kg=64.24 t > 42 t. 

Hence stability of the member along the plane perpendicular to the action 
of the moment, is assured. 

Illustrative problem 15. Given: the same as problem 14, except that 
M=5.8t/m. Determine: and F,.. 
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Solution. 


Co--- V- =0.14 m== 14 cm: 

42 

/jj — 0.382; and from the diagram (Fig. 54) t]= 7K28; 

40 

e.--14X l.28 + ~ 3- 35 cm; 

. 42.000 .35 ~ 0.4 V 1 10 X 25 X 37* 1 ,470,000— 1 .510.000 ^ ^ 

' 1 : 2,400 (37 ~ “ 2,400X 34 

bh^ 0.2 25 .37 

therefore — = 1-85 cm*, which is satisfied by 

2012 D (F'---2.26 cm*). 

Furthermore, 

e, ii“14 X 1-28 > 0.3/i„--l 1 cm; hence is solved through formula (138). 
From formula (136) 

At'r-:.! XI X 2,400 X 2.26 (37 — 3)-- 184,500 kg cm. 

From formula (137) 

Atl--42,()00 X 35 - 184, 500-=:1, 470,000 - 1 84,. 500 = 1 ,28.3, .300 kg cm. 

niRy,J)lil 1X110 X 25X 37* 

Talde 10 gives =0.782; from formula (40) 

r 1,285,500 

“‘‘Tk 1 , ‘:2,4(Kyx 0.782 X 37' ^ 

and formula (138) (inallv gi'cs 

F ,o-,oofi '*2,000 , 

f,- 18.,, + 2.26 enr, 

wiiich is satisfied bv 3^12 O (F\--3..39 cm*). 

Illustrative problem 10. Given: A’-- 120 t; .Af-- - 14 t, 3 m; cross-section: b=:40 cm, 
h—60 cm; concrete, grade 150-B; reinforcement, Sl-3 bars; /jj==7.8 m; m=l. 
I'o he determined: and F^. 

Solution. 

1) Gathering design data: -uSO kg em*, — 65 kg'em*, A%=-2,100 kg'cni*, 

1; 


7.8 


.:I3 > 10 


_ 7.8_ 


19.5 > 14; 


h (1.6 ~ ^ ' b "0.4 • ' 

fl: cm; 60 — 4- 56 cn>; 

At 14 « I . . n 

^0 ^ ni-:II.6 cm. 

2) Solving for e: 

1 60 X ‘iiagram (Fig. .64) t)=1.36. 

An identical value is given by formula (132); 


- = 1.3G. 


From formula (139) 


120,000 X 13'' 
400 X 80 X 40 X 60 


1 1 .6 X 1 .36 + ~ — 4=4 1 .8 cm. 
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3) From formula (133) 


f,= 


120,000 V 41 .8 — 0.4 X 80 V 40 X 36* 
'l X 2, 100 ( 56 ^^ 


=9.12 


which is satisfied by 3020 (f’=9,41 cm*); 

‘0“=o-4% >f'-2%. 


4) Solving for F^: 

^,r|= 1 1.6 X 1-^6== 15.7 cm, which is less than O.SIi^^=[6.8 cm 
0. !5/i.,=8.4 cm. 

Inasmuch as 0.3h^ > e,^r\ > OACylir, and < 2%, therefore 
Lars will have only a supplementary importance. 




loo" 


0.2 


40X 56 
100 


= 1.46 cm*, 


and more than 
the area ol itie 


and which is satisfied by 2018 (^.^=5.09 cm*). 

5) Checking stability along the plane perpendicular to the moment action. 

From Table 15, when -^- = 19.5, (f=0.75; from formula (114), the carrying 
capacity of the cross-section 

A\.^=().75 X 1 [65 X 40 X 60 + 1 X 2,100 X (9.41 +5.09)! 140,000 kg > 120 t, 

therefore stability is assured. 


5. Determining the Cross-Section of a Rectangular, Symmetrically 
Reinforced Eccentrically Compressed Element 


When the reinforcement is symmetrical (i.e., F^—FI) the po- 
sition of the neutral axis is found through formula (126), or 


X N 

niR^y^bh^ * 


(141) 


Case 1 must be dealt with if -^£^0.55, and corresponding funda- 


mental equations will yield 

eX7,„( 1-0.5^ 






X- 

ni 


(142) 


Case 2 must be dealt with if^>0.55, and corresponding funda- 

"o 

mental equations will give 


F. 


Fs 


(K — «') 


(143) 


The influence of length is to be taken into account just as in the 
former examples. 
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6. T- and l-Shapes 


Amongst the symmetrical shapes, other than rectangular, em- 
ployed to bear eccentric compression, T- and I -sections are the most 
common. In computing them with the aid of fundamental equations, 
due regard must be given to the following factors. 

When eccentricity is very great (when the flange 

disposed in the tension zone is disregarded in the calculations. 
Just as in T-shapes used for bending members, computations will 
establish the elTective width of the compression flange. In deter- 
mining when eccentricity is small (when S^>0.85J, the effec- 
tive width of the flange situated at the bounds of less compres- 
sion (or less tension) is limited by the condition 

^0.556/iJ. 

If the neutral axis is contained within the flange that is situated 
on the side of greatest compression, the section is assumed as rec- 
tangular with a width of but if the neutral axis bisects the web, 
the latter is considered as taking compression. 

It must be noted that the use of fundamental equations in deter- 
mining a T- or 1 -section is a complicated procedure usually demand- 
ing a whole series of approximations. Therefore various tables 
and diagrams are applied in practice to simplify the work. The 
diagram presented in Fig. 56 is for establishing bar areas for a num- 
ber of symmetrically reinforced 1 -sections. 

This diagram embraces standardised dimensions of symmetri- 
cally reinforced columns made of grade 200 concrete and intermit- 
tently deformed St-5 bars for one-storey industrial structures. In 
the application of this diagram when the knowns are Af and N (shown 
on the coordinate axes), the corresponding percentages of reinforce- 
ment are found at the intersections, after which the term 

to be solved is 

(145) 


The values of F^ for each type of cross-section are also given in 
the diagram. The case of a long member is taken into account by 
increasing the effective moment M to a maximum of 


M,or=M 


I ^ 

^oTl + y - a 


5 
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CHAPTER V 


AXIALLY AND ECCENTRICALLY TENSIONED MEMBERS 
Sec. IS. MEMBERS UNDERGOING AXIAL TENSION 


1. Requirements in Their Design 


Axial tension is created when a longitudinal pulling force N 
is applied to the centre of gravity of a cross-section (Fig. 57, a). 

Cases of this kind include 



F'fl. 57. Behaviour of reinforced con- 
Cfule members undergoing axial tension 


ties and hangers of arches 
(Fig. 57, 6), the lower chords 
and some of the struts in 
trusses, the walls of cylindri- 
cal tanks and pipes subjected 
to pressure of liquids from 
within (Fig. 57, c), and a num- 
ber of other kinds of structural 
units. 

Members that bear axial 
tension are usually rectangu- 
lar in cross-section and rein- 
forced with longitudinal effec- 
tive bars (the area of which 
is derived through computa- 
tion) and lateral stirrups. 

Square or rectangular sec- 
tions possessing a dimensional 

relationship of ^ 2-2.5 are 

reinforced with either weld- 
ed or tied steel blocks; the 
reinforcement of sections 
whose width is considerably 
greater than their thickness 
(such as tank walls) consists 
of mats, either welded or tied. 
A great variation of diame- 


m 



ters, ranging from 3 to 30 mm and more, are used for the 
effective reinforcement. Stirrups and spacing bars are commonly 
6 mm for tied mats, whereas in welded blocks and mats the mini- 
mum diameter of the lateral steel is dictated by welding require- 
ments (see Table 4). 

Splicing of longitudinal tensioned bars must be in broken step. 
Lapped joints in tied reinforcement are allowed only in slabs and 
walls, in which case the lap must be oversized: 40d for hot-rolled 
St-3 and St-5 steel bars, 45d for cold-notched steel, and 50d for 
St-25r2C steel reinforcement. 


2. Behaviour of a Member Under Axial Tension;, Formulae 

When the axial force N is first applied, both the concrete and 
the bars will bear the tensile stresses (Fig. 57, d). Subsequently, 
when the stresses become equal to the ultimate tensile resistance 
of the concrete, fissures will cut entirely through the cross-section 
(Fig. 57, e), and further resistance will be shown only by the longi- 
tudinal bars Fg. When stresses attain the ultimate tensile resistance 
of the bars, complete failure will occur (Fig. 57, /). From all this 
it follows that the condition for resistance of a member bearing a 
design load is 

N^mm^R^F,. (146) 

No fissure formation from specified exploitation loads is al- 
lowed in structures undergoing axial tension from the pressure of 
liquids or gases (tanks, piping). Deformation in such units must 
be confined within the limits of the tensile resistance of theconcrete. 

The reader already knows (Sec. 8) that when the stresses in the 
concrete attain their ultimate R^y the stresses in the bars will be 

p 

where n== ^ . From the requirements of equilibrium 
(just prior to fissure forruation) 

A'’=-/77,is(^,Fc + «T.F,), 


in which 

— area of concrete in cross-section; 
mjjs — service coefficient. In calculating fissure anticipation of 
members subject to a maximum hydrostatic pressure of I 
atm, is assumed as 1.9; in all other cases its value is 
given in corresponding specifications. 

There will be no fissure formation if 


5* 


131 


( 147 ) 



which, after the brackets have been removed from becomes 

(148) 

Just as in bending members, the width- of fissures in members 
undergoing axial tension is determined by the mean deformation 
of the bars in a length equal to the distance between fissures 
/jj, (see Chapter III, Sec. 11), i.e. , 

®fis~®s.iii(.Ajs“'/? £~ UiV 

in which 

'll? — a coefficient that takes into account the behaviour of the 
tension-stressed concrete between fissures and which is 
supplied by Table 16 in accordance with the value of the 
stresses in the bars 

TV* 

(149) 

it is also dictated by the following value: 

(150) 
Table 16 

Values for the Coefficient in Members Undergoing Axial Tension 


fin 


Values y\> for 

Os in kg/cm‘^ 


1,000 

1,250 

1,500 

2,000 

2,500 

3,000 

0.05 






0.44 

0.06 

— 

— 

— 

— 

0.42 

0.6 

0.075 

— 

— 

— 

0.4 

0.61 

0.73 

0.1 

— 

— 

0.33 

0.62 

0.75 

0.83 

0.15 

0.33 

0.48 

0.64 

0.8 

0.87 

0.91 

0.2 

0,48 

0.67 

0.77 

0.87 

0.92 

0.95 

0.3 

0.68 

0.79 

0.85 

0.92 

0.95 

0.97 

0.5 

0.82 

0.88 

0.92 

0.96 

0.98 

1 


Note. When jLin>0.5, = 1. 

The distance between fissures is given by the formula 

(151) 

in which u is the relationship of the reinforcement F^ and the 
perimeter S of the cross-section: 

u=^. (152) 
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Just as in bending members, the magnitude of as derived from 
formula (151), is multiplied by 0.5 when the bars are intermittently 
deformed, and by 1.25 if the reinforcement consists of cold-drawn 
prefabricated mats or blocks. 

As already noted in Sec. 11 concerning bending members, the 
width of fissures need not be calculated in all cases. 


3. Determining the Cross-Section of Elements Undergoing Axial 

Tension 


Two types of problems are encountered in determining a cross- 
section when the knowns are the grades of concrete and steel and 
the pulling force N. 

1st type of problem. It is required to find the bar area and 
the sectional dimensions n xh^F^ when fissure formation is allowed. 


Procedure. 


1) Design data is gathered: and 

2) From condition (146) for strength requirements 

F . 


(153) 


3) The cross-section 6 x is chosen to satisfy structural require- 
ments but with dimensions not less than needed to give the bars 
their protective covering. 

2nd type of problem. It is required to find the bar and con- 
crete areas F^ and F^ respectively, when fissure formation is prohib- 
ited. 


Procedure. 


1) Design data is gathered: R^, m, E^, = • 

2) as required for strength, is computed by means of formula 
<153). 

3) F^y as required for fissure anticipation, is established through 
conditmn (147): 


f, 2nF,. 


(154) 


If the member subject to axial tension is known and it is required 
to verify its resistance, and fissure liability, then general conditions 
<146) and (147) are observed. 


Illustrative problem 17. Compute the wall of a tank that is to bear tension 
and determine and Given: —27 tons, load coefficient n— l.l, rein- 

forcement of St-5 steel bars, /n=l, concrete of grade 200-B. Fissure formation 
is prohibited. 
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Solution . 


1) Gathered design data: /?t=6.4 kg/cm*, /?s=2,400 kg/cm*, mg=L 
£jj=2.1 X 10** kg/cm*; X 10* kg/cm*; 

2.1 X 10* 


n=- 


2X 10* 


= 10.5. 


2) Formula (153) solves for 


27 .000 X 1.1 

* 1 X 1 X 2,-100~ ■ 

which is satisfied by 8014 D (Fg=12.31 cm*). 

3) Formula (154) solves for 

F,^= 1 ^X 6°4 - 2 X 10-5 X 12.31 =2,230 - 260= 1 .970 cm*. 
With an effective sectional width 6=100 cm, 6=19.7 cm 20 cm. 


Sec. 16. MEMBERS UNDERGOING ECCENTRIC TENSION 
I. Requirements in Their Design 

When a section is subject to a longitudinal pulling force N acting 


witli an eccentricity of or when 




Lonaitudtnal 
effective bars 


M 


t ri rmT 







M 

N 


b) 
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Bendinq momenl M 
in waits 



Fig. 


58. Behaviour of reinforced concrete mem- 
bers subject to eccentric tension 


that in 


placement will be similar to 
members (Sec. 14); with little eccentricity, the analogy will 
brace axially tensioned elements (Sec. 15). 


a pulling force acts simultane- 
ously with a bending 
moment M (Fig. 58, a), 
the result will be eccen- 
tric tension and the 
eccentricity of the long- 
itudinal force can be 
expressed as 

^0 — yV ■ 

Instances of this kind 
include walls of rectang- 
ular tanks (Fig. 58, b), 
elements of certain types 
of portal frames, bunker 
walls, etc. 

The manner of rein- 
forcing such eccentrically 
tensioned units is con- 
tingent upon the rate of 
eccentricity of the long- 
itudinal force: if the 
eccentricity is large, bar 
eccentrically compressed 
em- 
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Bars wfll be designated as for those situated close to the force 
N, and for those further away from the force. 

2. Behaviour of Members Undergoing Eccentric Tension 

The behaviour of eccentrically tensioned members greatly de- 
pends upon the extent of eccentricity of the longitudinal force N. 

With little eccentricity and the pulling force applied between 
the respective centres of gravity of the and F' reinforcement 



Fig. 59. Investigation of members undergoing eccentric tension 

a— when there Is little eccentricity; d— when there is much eccentricity 


Fig. 59, a), the concrete will fissure throughout shortly after load- 
ing begins. When fissures are formed, only the effective bars will 
resist the force N, the latter being distributed between the steel 
f, and F\ according to the principles of a lever, i.e., in inverse 
proportion to the distances e and e' . Failure will set in when ul- 
timate stresses are achieved in the bars F^ and F\ . 

With large eccentricity and the pulling force N acting beyond 
the bounds of the centres of gravity of the F, and F\ bars 
(Fig. 59,6), part of the section (away from the force N) will be com- 
pressed, and part will be under tension, a condition similar to heavily 
eccentric compression. The height of the compression zone, just 
as in an eccentrically compressed bending member, wiil be iimited 
by the following conditions: S,,^0.8Sj if the shape has any symmet- 
rical form, and x^0.55/i„ for a rectangular section. 

Failure will occur when ultimate stresses are attained either 
in the tension bars f,, in the compression concrete (with a sectional 
area of F^, or in the compression bars Fj if the above-named con- 
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ditions are observed, or if — a' when the section is of any sym- 
inetrical shape or x^2a' for a rectangular section. 

3. Formulae for Cross-Sections of Any S.ymmetrical Shape 

Computation formulae are based on design loads and evolved 
from the condition of equilibrium and the design stresses and 
rn^R, in the concrete and bars, respectively. 

A case of little eccentricity (see Fig. 59, a for stresses). By reduc- 
ing to zero the sum of the moments of all forces in relation to the 
centres of gravity of the bars and F^, two conditions are ob- 
tained lor strength; 

Ne^ mm^R^Fsiht — «') (155) 

and 

Ne' < mm^Rf^(h„ — a'). (156) 

A case of large eccentricity: 5^.^0.85,; zsSA, — a' (see Fig. 59, b 
for the stresses). The conditions for resistance are identical to the 
case of large eccentricity in eccentric compression. But since the 
force N possesses an inverse sign (tension instead of compression), 
the signs are likewise changed in the conditions of strength, which 
latter are derived by reducing to zero the sum of all the forces proj- 
ected on the axis of the member and the moment in relation to 
the centre of gravity of the reinforcement F^: 

A < m (in.R^F, — rn,R,F, — R^^F^y, (157) 

Ne^m + (/lo — a')I, (158) 

Condition (157) will serve to define the position of the neutral 
axis. 


4. Formulae for Rectangular Cross-Sections 

The case to be dealt with in eccentric tension is discovered imme- 
diately by its magnitude of eccentricity. Cases of little eccentric- 
ity are revealed when — a, and those of large eccentricity 

>1 e, > *2 — a. 

A case of little eccentricity. The conditions for resistance are 
identical to those of cross-sections having any symmetrical shape, 
that is, conditions (155) and (156) are valid. 

A case of large eccentricity: jc^0.55/Zo, x^2a\ In the given in- 
stance 

F=bx-, = 

Conditions of resistance (157) and (158) take the form ol 

N ^ni (m^RsF^ — m^R^Fi — R^^bx) (159) 

' m 



and 


Ne^m ( /i. - + m,R,Fs (/i, - a')] . (160) 

Condition (159) will be convenient for determining the position 
of the neutral axis. 


5. Determining the Cross-Section of Eccentrically Tensioned 

Members 


Computing the cross-section of eccentrically tensioned members 
usually consists in calculating the areas of the bars and Fs when 
the knowns are the effective forces M and N, the grades of mate- 
rials, and the sectional dimensions of the concrete. 

A case of little eccentricity. Method of procedure. 

1) Design data is gathered: • 

2) Solutions are found for 

(161) 

(162) 


3) Fs is calculated by observing condition (155) 

f 

'' nunj^^ (/lo — a') 

and F^ is computed by observing condition (156) 



mm^R^lhQ — a') 


(163) 

(164) 


A case of lar^e eccentricity. Method of procedure. Just as in 
eccentric compression, the minimum of {F^ \ Fs) is found when 
jt:^0.55/io. Hence, formula (133) will give the area of the rein- 
forcement F'^, whereas the -area of the bars F^ is found through 
formula (134) after changing the sign of the nieinber representing 
the force N, i.e., by the formula 


F.- 






+ fs. 


(165) 


If it should happen that the area of the bars Fs, as computed 
through formula (133), is either negative or less than the minimum 
for supplementary steel, then it is brought up to the supplemen- 
tary minimum while the area of the bars F^ is 

determined in the same manner as in the case of heavily eccentric 
compression, i.e., through formula (138), except that an inverse 
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sign is placed before the member that represents the longitudinal 
force N, i. e., 

f , (166) 

** ® ' mm^R^ ^ ^ 

Method of procedure. 

M 

1) /?be. /?,, m,, and are gathered as design data. 

2) e' is solved through formula (162), and 

e=c,-4+a- (167) 

3) fj is found through formula (133); if in this operation f'<0 
orii<[A„i„=0.2%, It is incorporated as supplementary reinforcement. 

4) F is obtained; it is calculated through formula (165) if the 
area of the bars F, had been obtained through formula (133). But 
if had been computed as supplementary, then just as in an ec- 
centrically compressed member, formula (166) will determine F, 
after first having computed F^,. 

5) hp is verified. 



CHAPTFR VI 

PRESTRESSBO MEMBERS 
See. 17. PRINCIPLES OF CALCULATION AND DESIGN 

1 Definition. The Object of Prestressing. 

Methods of Prestressing 

Prestressed reinforced concrete, as a whole or in part, is a con- 
struction that is artificially stressed in the process of fabrication 
to create compression in the concrete and tension in the steel prior 
to the application of the vservice load. 

Prestressing aims to save steel and also to make the concrete 
more fissure-proof. In ordinary reinforced concrete, hairline cracks 
will form in the tension zone (see Sec. 8) when the bar stresses 
=-200-300 kg/cm*. As the load is subsequently increased, the cracks 
(or fissures) will widen. Stresses in the reinforcement employed in 
ordinary reinforced concrete will attain a value of 0^=1,700-2,500 
kg/cm*, hence, 

from 8 to 10. 

As a rule, fissures will widen insignificantly with such stresses 
and will neither cause bar corrosion nor hinder normal service of 
the member. 

However, with the use of high-strength steels, the design re- 
sistance of which are 10,000-15,000 kg/cm* or more, the bar area 
may be reduced but the stresses instigated by the load will be a^ = 

8,000-12,000 kg/cm* and over. As before, fissures in the tension 
zone will form when the bar stresses j .3= 200-300 kg/cm®, inas- 
much as O3 is related to the ultimate tensile resistance of the con- 
crete and not to steel grades. In the given case -^--^30-50 and 

^s.fis 

more, and with such a relationship the cracks will widen consid- 
erably and render the member unserviceable. For this reason 
high-strength bars cannot be incorporated into ordinary reinforced 
concrete. 
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The virtual cost of steel t] is characteri,sed by a relationship of 
its price Pr to its resistance (in kg/cm*): 


i. e., the price of steel rises very little with the incorporation of great- 
er resistance and this actually means a decrease in virtual cost. 
Therefore the use of high-strength steels in reinforced concrete 
would signify an economy of that material. 

In order to avoid fissure formation in the tension zone of the 
concrete and pave the way for the use of high-strength steel, the 
concrete must be artificially compressed in advance so as to lessen 
tension stresses when the loads are applied (Fig. 60). Furthermore, 
the elimination of fissures or reduction of their widths will increase 
the rigidity of the member. Another advantage is that prestressed 

construction can be erect- 


Te^slon 


Fig. 60. Behaviour oi concrete under ten- 
sion when service loads are applied 

7— in ordinary reinforced concrete; in pre- 
stressed reinforced concrete 


Compression Tension ed from several units made 

/ separately beforehand and 

Rf subsequently assembled by 

CO'" tying the reinfocement 

together. 

^2 I The concrete becomes 

compressed simultaneously 
with the tensioning of the 
Fig. 60. Behaviour ol concrete under ten- reinforcement, the desired 
Sion when service loads are applied . • n i i • 

I Jm StrCSSCS 10 tllC bafS bClIlg 

1 — in ordinary reinforced concrete; 2 — in pre- r- j i i *11 ° 

stressed reinforced concrete first determined by Com- 

putation. 

Both precast and in-situ construction may be prestressed. When 
separate prestressed members are included in in-situ reinforced con- 
crete, it is known as composite construction. Aside from tensioned 
bars (tendons), all prestressed members contain ordinary reinforce- 
ment, mostly in the form of prefabricated (welded) blocks and mats. 

There are two methods of tensioning the bars in prestressing: 
1) with the aid of abutments {pretensioning) and 2) against the hard- 
ened concrete {post tensioning). 

In the first method, bar tensioning is done prior to concreting (Fig. 
61 , a). One end of the reinforcement (tendons) is fixed to the abutment 
while the stretching device (jack) grasps the other end which is sub- 
sequently also fixed to an abutment after the bar has been drawn to 
the desired stress (within the limits of elastic deformation). After 
the concrete has been poured and becomes cured to its predetermined 
strength (resistance) of /?' (which is usually /?'=:= 0.7/?), the bar 
ends are released from the abutments, and the bar, in tending to re- 
turn to its former length, compresses the surrounding concrete be- 
cause of the bond between the two components. To make this bond 
dependable, the bars are either intermittently-deformed or otherwise 
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surface-worked. If the bars are plain, they are hooked at their 
ends. 

The processes of installing and tensioning the bars in the forms 
are combined into one operation in continuous reinforcement. Here 

V 



fig. 61. Sketches showing methods ol prestressing 
<1— lensioni ng with the aid of abutments (pretensioning), the process 
and the finished product; continuous (endless) reinforcement; c— ten- 
sioning against the hardened concrete (post tensioning), the process and 
the finished product 

the tendons are made of thin wire and the bed (pallet) upon which 
the formwork is placed is furnished with pins whose positions 
correspond to the designed reinforcement layout. The bed is placed 
on a revolving platform equipped with special tensioning equipment. 
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As the revolving platform turns, the wire is wound around short steel 
pipes mounted upon the pins (Fig. 61,6), aiid since both ends of the 
tendons are anchored beforehand, they are tensioned to the needed 
value. After this operation the concrete is poured;- when it has attained 
its desired strength the member is removed from the bed, the stress 
in the tendon being transferred to the concrete and compressing it. 

Bar tensioning can also be done through electric heating: a current 
is passed through the prepared wire, heats it to 300-400°C and 



lengthens it. The heated wire is installed in the formwork and an- 
chored to the abutments. In cooling, it tends to return to its original 
length and is drawn taut between the abutments. 

In the second method (tensioning against the hardened concrete) 
the tendons are pulled through ducts left in the body of the already 
hardened concrete. These ducts, 5-15 mm larger than the bar diam- 
eter, are made either by leaving corrugated steel tubing (casings) 
in the concrete, or by placing steel spirals, smooth sheet metal tub- 
ing, rubber hose, or other duct-forming units into the formwork 
and then removing them from the freshly hardened concrete. When 
the concrete has hardened, the wire is run through the duct, one of the 
wire’s ends being furnished with an anchor which is fixed in the cor- 
responding end of the member. The other end is grasped by a jack 
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braced against the opposite butt of the concrete. The jack pulls 
the steel and compresses the concrete simultaneously (Fig. 61, c). 
When the necessary tension has been attained in the tendon, the end 
held by the jack is also anchored to the concrete. Lateral mats are 
installed within the ends of the concrete member to insure proper dis- 
tribution of local crushing compression. Bond between the tendons 
and surrounding concrete is subsequently achieved by pressure-fed 
cement grout or mortar forced through holes in the anchors and dis- 
tributed via branching tee-fittings that had been placed at intervals 
of 10-12 metres along the shaft lengths before concrete pouring. This 
is known as the injection method of filling the shafts. 

Tendons can also be installed concentrically (in hoops) along the 
outer contours of members (such as pipes and tanks), the operation of 
tensioning the steel and compressing the concrete being accomplished 
either by a winding machine (resulting in continuous reinforcement) 
or by means of tightening nuts (Fig. 62). In the latter method the 
ends of the tendons are threaded, and either abutment uprights or 
turnbuckles are spaced around the perimeter of the member. At the 
completion of the tensioning operation the concrete and bars are 
given a protective covering, applied under pressure (the gunite proc- 
ess). that achieves concrete-steel bonding and also guards the bars 
against corrosion. 


2. Construction of Tendons and Methods of Their Anchorage 

The tendons in prestressed construction can be made either of 
separate thick bars, tensioned between abutments or against the 
hardened concrete, or of various combinations of wire.* In the latter 
case, if the tendons are held by abutments, they may be made of in- 






Cross-section 
of bunched y</ire cable 


Bunched 
y res 





Fig. 63. Tendons In prestressed members 


dividual wires (strings) or of groups of two wires (Fig. 63, a and b)\ 
but if tensioned against the concrete itself, they may be either 
stranded or bunched. Strands are woven of several wires, but bunching 
(Fig. 63, c) is done with a great number of straight wires grouped 
around a thin wire spiral with a number of gaps left to allow injec- 

• See Sec. 2, Item 4. 
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tion of grout or mortar. Large bunched cables consist of several 
compact smaller bunches, likewise grouped around a spiral with 
spaces left to aid mortar or grout injection (Fig. 64). 

When tendons are intermittently-deformed (bars or wire), they 
are tensioned against the abutments without -additional bonding an- 
chors; but if made of smooth bars they are furnished with additional 
anchorage in the . form of short welded rods or washers (Fig. 65, a 
and 6). If of smooth high-strength wire, link-anchors are used (Fig. 
65, c). In continuous reinforcement, tubes play the role of anchors 
(Fig. 65, d). The beginning and end of windings can be either thread- 
ed and clamped, or bolted, etc. (Fig. 65, c). 


b) 



Fig. 64. Cross-section of large bunched cables 

rt— when Injecllon Is Intended through anchor holes and branched tee-fittings; 
6— when only anchor holes are provided for injection; 7— short pipes, 0 18 mrn, 
/ = 10 cm, at intervals of I m; 2— centre line of lee-fittings; 5— spiral of 2.5 mm 
wire and with a pitch of 20 mm 


When tensioning is accomplished directly against the hardened 
concrete, the construction of anchors will depend upon the kind of 
reinforcement and the type of tensioning equipment. If hydraulic 
jacks are used to pull the bunched tendons taut, the ends of the 
latter are fitted with a shoe (Fig. 65, g) or with a threaded socket 
(Fig. 65, h). The latter is made of a grooved end-rod with the bunched 
wires passing over the grooves, and a sleeve that becomes deformed 
when pulled through a ring of lesser diameter and thus clamps down 
on the wire ends. There are several ways of fastening a tendon: if 
the anchor is in the form of a shoe, washers are placed between it and 
the end of the member; if a threaded socket is used, a nut is screwed 
on and subsequently tightened. 

When tensioning is accomplished by a double-acting jack (Fig. 66), 
the anchor (let into the butt of the member) is made of a steel plate 
with a tapered hole to accommodate the steel wedge, the latter being 
bored through so as to allow subsequent mortar injection. In tension- 
ing bunched tendons, the jack is thrust against the steel plate and, 
upon completion of tensioning, runs out a wedging piston which 
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Tensioning screw after drawing 


Fig. 65. Tendon anchors 






plugs in a tapered wedge and permanently fixes the taut bunched wires 
(Fig. 67). Abroad, this type of anchor is made in the form of a rein- 
forced concrete shoe, fitted into the butt end of the member, and a 
curved and tapered steel wedge. 



Fig. 67. Anchoring bunched tendons by means of a tapered 
steel wedge 

a—bcfore wedging; fc— alter wedging 


If thick tendons are used and tensioned against the hardened con- 
crete, thick threaded end-pieces are contact-welded to them for per- 
manently securing the taut shank by means of a tightening nut. 

In some cases (such as 
tank construction) the 
tensioning process itself 
is achieved by tightening 
the nuts. 

In designing the length 
of a tendon, its anchor- 
ing devices must be 
kept in mind, nor must 
it be forgotten that it 
stretches during ten- 
sioning. Furthermore, its designed position in the concrete must be 
made convenient for tensioning operations. 

In-situ operations of tensioning may be eliminated by the use of 
prefabricated prestressed reinforced concrete insertions reinforced 
with thin wire that has been tensioned between abutments (Fig, 68). 

These insertions, when concreted within the form (together with 
any necessary untensioned bars), become well-bonded with the 
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Preslressed imertions Ordinary reinforcement 


Fig. 68. Prestressed reinforced concrete inserts 
incorporated into reinforced concrete hollow-slab 
construction 
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fresher concrete and assure subsequent mutual action under load. 
Since fissure formation is hampered in the insertions it is also re- 
duced in the composite bonded mass. 


3. Genera! Principles In Calculation 

Prestressed reinforced concrete design must include computation 
of carrying capacity and fissure anticipation if fissures are forbidden, 
and fissure width calculations if they are allowed. In bending mem- 
bers, deformation is also calculated to determine the degree of deflec- 
tion under load. 

Two schemes of behaviour must be considered in* the calcula- 
tions: 

1) when the forces acting upon the member are a combination of 
the external load and the acquired prestress; 

2) when the forces acting upon the member are due only to the ac- 
quired prestress (this occurs when the member is being made). 

As far as the possibilities of fissure formation are concerned, pre- 
stressed construction is grouped into three categories. 

1st category. This is construction required to be impermeable 
(pressure piping and industrial tanks). 

2nd category. This is either construction that need not be impefr- 
meable but which is reinforced with high-strength bars possessing a 
specified resistance of 10,000 kg/crn* or more, or construction intend- 
ed for an aggressive environment. 

3rd category. This includes all other types of construction. 

Fissures are prohibited in the 1st and 2nd categories, but are al- 
lowed within certain limits in the 3rd category. 

In carrying-capacity computations, the loads chosen are design 
loads (acting together with the prestress), the same also entering into 
calculations of Ist-category fissure-proof construction. But for 2nd- 
category non-fissure units specified loads are employed, as also in 
computations of deformation and fissure widths. 

The carrying capacity of prestressed elements is determined, just 
as for ordinary reinforced concrete, by the failure-stage method. In 
dealing with deformation, fissure avoidance, and fissure widths, iden- 
tical general prerequisites are adopted as for non -prestressed members: 
the Hypothesis of Plane Sections (Navier’s Hypothesis) is considered 
valid, allowances are made for the development of plastic deforma- 
tion, etc. The maximum stress of tensioned high-strength bars 
must not exceed 0.65/?"' , nor 0.9/?* * in the case of mild steels. 

Service coefficients. Qualified design resistance of concrete and 
reinforcement. In most calculations concerning carrying capacity of 

* In certain cases a^^=0.75 is allowed for hard steels, and Oq — for 
mild steels. 
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prestressed members the service coefficient m— 1, but for pressure 
piping it is taken as 0.9. For tensioned reinforcement (tendons) the 
former ordinary designations of service coefficients and become 
'^prcs '^pres.di respectively. Their values are indent ica! to unten- 
sioned bars, * except that for cold-drawn wire in prefabricated 
mats and blocks and cold-notched bars, (or equals 0.7 in- 

stead of 0.65. For prestressed high-strength wire (both plain and in- 
termittently deformed) is likewise 0.7. 

In computing the strength of the pre-corn pressed concrete, a higher 
value is taken for its design resistance by multiplying it by the serv- 
ice coefficient of the concrete m^^l.2. In handling service loads. 

If minus-deviations should occur in the predetermined stresses of 
tensioned bars, it will lead to earlier cracking. Hence in fissure- 
anticipation calculations a coefficient of 9 is attached to the 

magnitude of the stresses in the tendons. 

The designation for design resistance of ordinary (untensioned) 
reinforcement remains but in prestressed bars it becomes 
Design resistance is prescribed to enter calculation formulae together 
with the service coefficients. But in order to simplify the formulae 
for prestressed construction, a qualifi?d design resistance is adopted, 
which is the product of design resistance of concrete or steel and a 
respective service coefficient. 

For ordinary effective bars in tensioned bars 
■^^pres'^prcs- When analysing the resistance of a diagonal plane in de- 
termining untensioned upright bars, prcstressed 

upright bars in similar computations 

Identical values of qualified design resistance are adopted for the 
compression reinforcement, except that its magnitude is further limit- 
ed by the condition attending ultimate concrete compression.** 

The qualified design resistance of concrete axial 

compression calculations, and /?be.qn“^be^^^c compression due to 
bending. The qualified design resistance of concrete in tension is 
taken from Table 17, independent of production methods (A or B). 


Table 17 

Qualified Design Resistance of Concrete in Tension /?t.qu kg/cm^ 


Grade of 
concrete 

150 

200 

300 

400 

500 

600 

^t.qu 

8 

10 

15 

18 

20 

21 


Note, For concretes containing aluminiferous cements combined 

with a coefficient of 0.7. 


’I' 3^0 Sec 4 I tern 4 

•• See Sec. 13. Item 2, but instead of 4,200 kg/cm’' 3,600 kg/cm^ is adopted. 
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Qualified design resistance for concrete and rein- 

forcement /?pres.qii ^s.q^ be evaluated By multiplying corre- 
sponding design strength (Tables 6 and 8) by the respective service 
coefficient. 

Modulus of elasticity of tendons. In prestressed construction the 
stresses are very much conditioned by the modulus of elasticity of the 
tensioned reinforcement (tendons). Consequently, in accordance with 
empirical findings, the magnitude of the modulus of elasticity El(EJ 
has been differentiated for various kinds of bars; 

2.100.000 kg/cm^ for St-0, St-3 and St-5 hot-rolled steels; 

2,000,000 kg/cm* for 25r2C and 30Xr2C hot-rolled bars; 

1.800.000 kg/cm** for cold-drawn wire (either plain or intermittently deformed), 

bunched cold-drawn wire and cold-notched bars; 

1.700.000 kg/cm^ for strands and cable. 

The transformed cross-section. For convenience in calculating pre- 
com[)ression, fissure anticipation, and deformation in beams, the 
cross -section of prestressed beams is assumed to be reduced to a 
homogeneous section known as the transformed cross-section. 

Tin’s substitution is possible because, deformation of ttie concrete 
and bars being identical prior to Assuring, the stresses in both compo- 
nents are proportional to their moduli of elasticity, and the centre of 
gravity of the transformed and actual bar areas coincide. All geo- 
metrical data concerning the cross-section and that is needed for cal- 
culations (areas, centres of gravity, moment of inertia, and resisting 
moment) are determined as for a transformed cross-section, e.g., 

(168) 

Loss of presiress in tendons. Due to various factors, tension losses 
take place in the tendons when they are drawn taut to their con- 
trolled prestress ^lossi occurs before the 

concrete is compressed, and partly after, 

A summary of such losses, as given in special specifications, is pre- 
sented below. 

1) Loss due to concrete shrinkage — a,. Concrete will eventually 
shorten somewhat because of shrinkage, and the tendons, also decreas- 
ing in length, will lose some of their prestress. The magnitude of 
such losses 

0^=400 kg/cm® when the bars are tensioned between abutments; 

a, =300 kg/cm- when they are tensioned against the hardened con- 
crete. 

2) Loss caused by concrete creep — Prestressed concrete will even- 
tually be effected by creep deformation which will shorten the member 
somewhat and cause a loss of prestress. The amount of tl^is loss will 
depend upon the degree of prestress in the concrete a^, specimen 
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strength (grade of concrete) at the time the member undergoes com- 
pression — R', the relationship between the moduli of elasticity of 
the steel and concrete, and upon the kind of. bars. 

In tensioning against abutments and when 


and when a£> 0.57?', 




Elfi' 


(169) 





(169a) 


whereas when tensioning is done against the hardened concrete and 
when o,,^0.57?', 

o,--0.75^^a,-, (170) 

and when o^> 0.57?', 

= 0. 75 [a,+37?' ( - 0.5 )] . (170a) 


The coefficient k in formulae (169) and (170) will equal 0.8 for 
hoi-rolled bars, and 1.0 for cold-drawn wire. 

Pre-compression in the concrete is determined by ordinary for- 
mulae of Strength of Materials on the assumption that the resultant 
of the forces throughout the tendons act upon the section, with the 
stresses in the reinforcement being equal to This 

resultant is assumed as an outer force compressing the transformed 
cross-section of the member. 

3) Losses stemming from relaxation of stresses in the metal — a,. 
Bars made of cold-drawn wire and subjected to considerable stresses 
will experience changes of internal structure and, under constant 
deformation, wilt lead to a lowering of the prestress. This is known as 
stress relaxaton; the amount of such loss, when 0.657?®, is pro- 
portional to the prestress o, in the bars: 

o,- 0.05a.; (171) 

and when a. > 0.657?prcs, 

a,-0.05a.+0.2(a.— O,657?;,os). (171a) 

In case of hot-rolled reinforcement, a,=0. 

4) Loss provoked by anchor deformation — o.. Anchor deformation 
and compression in the washers placed between the anchors and 
concrete incur a shortening of the tendons and a loss of prestress. 
According to Hooke’s Law, the value of this loss is in proportion to 
the amount of the shortening; 

Y * (172) 
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where X, — compression of washers located between the anchors and 
concrete and assumed as 1 mm to each anchor; if the an- 
chors consist of tightened nuts or of vee-washers, X,=0: 

X, — deformation of anchors used with bunched-wire tendons 
and of anchor washers and bar grasps, and assumed as 
1 mm to each anchor or grasp; 

I — length of tendon in mm. 

5) Loss resulting from, friction between tendons and shaft walls — 
Friction between tendons and shaft walls causes a prestress loss that 
can be determined by specific computations. 

6) Loss accounted to giving way of the concrete under the turns of 
spiral or circular windings — a,. This type of loss is encountered in 
piping and industrial tanks. o,=300 kg/cm* when the diameter of the 
unit d^3 m, but equals zero if d>3 m. 

7) Loss incurred by temperature differences between tendons and 
abutments — a,. This loss takes place only if the newly made member 
is subject to heat from steam curing or any other thermal treatment. 
The amount of loss will depend upon temperature differences between 
the reinforcement and the abutments A/ and the coefficient of thermal 
expansion of the steel, and is expressed as 

a,=--20Af. (173) 

8) Loss caused by repeated loading —a,. This kind of loss is also 

determined by specific computations; when the tendons are held be- 
tween abutments the loss prior to compression of the concrete will be 

‘^ross (174) 

after compression of the concrete, 

(175) 

When tensioning is performed against the hardened concrete, 

O|oss. = o*+<J5: (176) 

= + (177) 

The total amount of loss is computed in accordance with the above 
data, i.e., 

^l09S *^IOSS 1 ”t”*^IOSS 2> 

but must not be assumed as less than 1,000 kg/cm*. 

Sec. 18. COMPUTING PRESTRESSED MEMBERS 
I. Members Subject to Axia) Tension 

Phases of stresses provoked within tendons tensioned between abut- 
ments are illustrated in Fig. 69, a. 

Phase /. The tendons are laid in the formwork. Tendon stresses are 
null. 
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Phase II. The tendon is pulled until stressed to its predetermined 
(controlled) value 

Phase III. The concrete is poured but the tendon is held taut by the 
abutments; a prestress loss , occurs, hencp the tendon stresses will 
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Fig. 69. Stress phases in axially tensioned prestressed reinforced concrete, prior 
to and alter, application of loads 

a — when prestressing against abutments; b — when prestressing against the hardened 

concrete 


Phase IV. The tendons are released from the abutments and the 
concrete becomes compressed to a stress of which somewhat short- 
ens it (A or elastic compression). The tendons, because of their bond 
with the concrete, undergo a similar shortening and their prestress 
is slackened by 

in which 


152 





hence, 


Thus in Phase IV the tendon stresses are 

contr ^loss i 

Phase V. A prestress loss occurs in the tendons, which leaves 
a prestress remainder of 

^Init. contr ^loss i O’l^gg 2 contr O^loss* 

Phases I to V concern members before they are regularly loaded. 

When the pulling force N is applied, the member will lengthen and 
incur a lessening of pre-compression in the concrete and a correspond- 
ing increase of tension in the tendon. 

Phase VI. When the external pulling force N has increased so as 
to attain acertain value, the stresses in the concrete will havereached 
zero. At this point, tendon stresses will be — a, which 

means that those prestresses are restored which were lost because of 
elastic compression of the concrete. 

Phase VII . When the external force is further increased to 
the concrete will undergo tensile stresses which will cause cracking 
when ultimate tensile strength of the concrete is attained. In the 
interval during which the concrete stresses grow from zero to there 
will be a mean increase of stresses in the tendons of 300 kg|cm’^*. 
Hence, in Phase VII tendon prestresses will be 

^inlt. contr 

Phase VII serves as the basis for computing fissure anticipation. 

Phase VIII. Just as in non-prestressed construction, after fissure 
formation in the concrete the tendons alone will resist the external 
pulling force, and when the stresses in the steel reach the latter’s 
ultimate resistance, failure will occur. 

Carrying capacity computations are based on Phase VIII. 

From the above it is seen .that prestressing does not influence the 
carrying capacity of construction as computed by the failure-stage 
method, but only postpones Assuring. 

The behaviour of a member that is tensioned against the hardened 
concrete is shown in Fig. 69, b. 

Phase I. The slack tendon is manoeuvred into the prepared duct 
within the concrete. The stresses of both components are null. 

Phase II. The tendons are pulled, attain their controlled prestress 
contr actuate Compression in the concrete. The shaft is filled 
with cement mortar or grout. The tendons experience their first pre- 
stress loss stresses being lowered to ^ios 3 1 * 


* See Sec. 8. 
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Phase IJI. Prestress loss 0 , 0 , 3 , takes place in the tendons and their 
remaining prestresses are , -o,o.„-o,o„,=o,„,t.,o„t,-a,o 33 . 

while the prestresses in the concrete are o^ ^< 0 ^. 

Phases I to III are valid up to the time fhe member receives its 
designated service load. 

Phase IV. The external pulling force N is applied which, when it 
reaches a given value, neutralises compression in the concrete, 
whereas the stresses in the tendons correspondingly increase by a 
value equal to no,., and attain %i,.con,r-o.os,+ "Oc- 

Phase V. As the external force is further increased, tensile stresses 
are created in the concrete and reach a value of R when the external 
force attains Fissures form in the concrete as tendon stresses 
achieve — ^ioss“l“ ^00. This phase serves as the basis 

for calculation of fissure anticipation. 

Phase VL Tendon stresses attain and failure occurs. This phase 
serves as the basis for computing carrying capacity (strength). 

The formula for calculating carrying capacity of axially tensioned 
construction is evolved from the condition of equilibrium between 
external and internal forces, i.e., from Phase VIII if the reinforce- 
ment is tensioned between abutments, or from the correspond- 
ing Phase VI if the tendon is tensioned against the hardened con- 
crete. Moreover, the stresses in the tendons are assumed as for quali- 
fied design resistance: 

N ^ ^^pres. q\\^ pres» (178) 

where N — longitudinal effective force; 

m — service coefficient of the member; 

7?pres.qu— qualified design strength of tendons; 

Pp. 3 , — cross-sectional area of tendons. 

If the member also embraces untensioned reinforcement with an 
area P, and a qualified design resistance then formula (178) 

takes the form of 

/V^m(i?p, 3 ,.q„Pp, 3 ,-f^,.qpp 3 ). (179) 

The formula for calculating fissure anticipation in axially ten- 
sioned members is likewise evolved from the condition of equilibrium 
between external forces and internal stresses, that is, from Phase VII. 
when tensioning is done between abutments, and from Phase V if it is 
done against the hardened concrete. The stresses in the concrete just 
prior to cracking will be equal to qualified design resistance /?t.q„. 
The outer forces responsible for fissure creation in the concrete shall 
be designated as and a deviation coefficient mj 3 v= 0.9 shall be 

attached to the tension value in the tendons in order to unify the 
formulae. The stresses in the tendons just prior to the time when the 

* As noted in Sec. 17, Item 3, A?(i,=^ for 1st category fissure-proof con- 
struction, and Nn,=N^ for 2nd category members. 
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concrete stresses are neutralised shall be designated as regardless 
of production methods. 

With all the above taken into account, the formula becomes 

J^tis < f qu + ^pres K,,a, + 300). (180) 


When tensioning is performed between abutments, 

^0 ^init. contr ^loss» 

and when it is done against the hardened concrete, 

iuit. contr' ' ^foss i» 

where 

^ _.^pres (^i nit. contr t^Ioss) 

^c.i f 


(181) 

(182) 

(183) 


If the member should also contain ordinary (untensioned) bars 
then when the concrete stresses reach zero, these bars will be 
found compressed to a value of cr^ because of shortening of the member 
from shrinkage and creep; the compression of such ordinary bars will 
be equal in value to the prestress loss in the tendons, likewise caused 
by shrinkage and creep, i.e., Upon further increase of 

the external load, 300 kg/cm* of tensile stresses will be added to the 
reinforcement F^ just prior to Assuring of the concrete. Thus, at the 
point of concrete Assuring, the stresses in the steel fg will be 

— a, 1-300 kg/cm^ 


Hence, because of the stresses in the ordinary bars, formula 
(180) becomes 

^fis= :^c^l.qu+^s(300 — <^s) + ^pres("'dev'^o + 300). (184) 


2. Bending Members 

The tendons of prestressed bending members are placed at a consid* 
erable distance from the sectioiTs centre of gravity (usually beyond 
the kern). Therefore the force applied to compress the member dur- 
ing its manufacture might lead to cracking in the zone intended to 
withstand compression (Fig. 70, a). To avoid this, bending members 
are equipped not only with tendons but also with tendons Fp^cs 
situated in the zone of future compression (Fig. 70,6). As a rule, 
F;,, 3=- (0.2-0.25) Fp,,,. 

In prestressed beams where some of the tendons are diverted to the 
upper zone at the supports (Fig. 70, c), a decrease of tensile stresses 
during fabrication (in the intended compression zone) is achieved 
through the horizontal component of the diagonal forces created when 
the aforesaid diverted tendons are tensioned. The vertical component 
of the same diagonal forces produces lateral compression which 
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renders the diagonal planes less liable to fissuring. It must be noted 
that carrying capacities are somewhat reduced by this tensioning, 
inasmuch as the tendons may remain taut at the moment of failure 
and thus lower the ultimate stresses in the compression zone. 

Let us examine the behaviour of a beam \(:hose tendons have been 
tensioned between abutments (Fig. 71). 



Fig. 70. Stress conditions in a prestressed beam during 
its fabrication 

Phase /. The tendons ^pres are placed in the formwork; 

Iheir stresses are equal to zero. 

Phase II. The tendons are drawn taut to their predetermined 
<controlled) stresses 

Phase III. The concrete is poured; the first prestress loss , takes 
place as the tendons are still held by the abutments. Stresses in the 
tendons are equal to 

Phase IV . The ends of the tendons are released from the abutments, 
resulting in compression of the concrete. The stress diagram for the 
concrete may have either one or two signs, depending upon the posi- 
tion of the centre of gravity and the area relationship of the tendons 
and Fprcsi with two signs, the stresses in the tension zone will 
not exceed beam will bend in the direction opposite to that 

incurred by the future load. Elastic compression in the concrete will 
lower the stresses in the tendons and E^res- 

Phase V. Shrinkage and creep develop in the concrete and incur 
an additional prestress loss 0 ,^, 3 , in the reinforcement. 

Phases I to V predate service loading. 
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After loading, a bending moment is created which causes tensile 


stresses in the zone harbouring upon the bars F 
sive stresses in the zone where the tendons F'^ 
the stress groups being su- 
perimposed upon their re- fpres 6^ 

spective prestresses. n 

Phase VI. When the grow- ^ f I 

ing load has imparted a al ^ \ 

definite value to the bend- ^ 

ing moment, pre-corn pres- ^ ^ , .^/n 

sion in the concrete will be .S 
decreased by the tensile ^ 
stresses and will align with ^ 
the stresses in the tendons 


i fpres’ well as compres- 
fpres are situated, each of 

Phase I 
6'^0 


Phase II 


% — — 
i ^i nit. con 

ftr~^ loss 1 ^ 

nr 

3 — l_r \ - ■■■. ■■ 


The stresses in these 


in it. contr - <5 loss / 
Phase IV 


^init. contr ~ ^ loss 

Phase V 

contr ~ ^oss ^ ^ 

^init. contr ‘ ^loss^ 
Phase VI 


Stress 
diagrams (Sc 


Tension 
Phase Vll 


-j-^n>:lOO ^ 


latter bars when concrete 2 

compression has become contr- ^lossr'^^^^ 

zero, shall be signified as 5 ^lossr^^T^c 

Go (just as in an axially ^ Phase v 

tensioned member). 

Phase VII. As the load \ 

(bending moment) contin- [ 

Lies to grow, tensile stresses £,/er/7fl/ Phase VI stress 

are produced in the con- > load\. . diagrams dc 

Crete zone of the bars I W W 

when these stresses attain ^ % I ^ 

R. the concrete will fis- s ^ ^ ^ 

sure. The stress diagram is IT „ S S 

assumed as triangular for | ^ ^ 

the concrete in the com- ^ ^ 1 

pression zone and rectangu- $: ^ 

lar for the concrete in the t"; ^ 

tension zone; this infers ^^7" 

that the development of ^ , Phase vm^ 

plastic deformation is rec- .2 
ognised just as in non-pre- ^ 
stressed beams (see Fig. 28). 

When the stresses in the 

concrete will have grown ^pres.au 

from zero to ^t.qip those in rig, 71. Stress conditions in a prestressed 
the reinforcement will have reinforced concrete beam, tensioned between 
increased by 300 kg/ern* and abutments, before and after application of 

will be equal to a,+300. 

Phase VII is assumed as the basis for fissure-anticipation computa- 
tions. 

Phase VIII. With further growth of the load (bending moment), 
tensile stresses in the tendons fp^es increase, with a corresponding 


Phase VJfl 


Fig. 71. Stress conditions in a prestressed 
reinforced concrete beam, tensioned between 
abutments, before and after application of 
the load 
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stress addition in the compression-zone concrete, where the stress 
line, just as in ordinary beams, will becotne distorted. Tensile stresses 
will relax in the reinforcement When the stretched tendons 

f pres ^he concrete in the compression zone attain their ultimate 

stress values /?ores.qu3^d /?be.qnrespectively,‘failure will occur. At the 
moment of failure the stresses in the tendons will be 

^c. z ^pres. qu 

in which — the reinforcement’s qualified design resistance un- 

der compression; 

a' — prestress in the reinforcement with allow- 

ances for loss. 

Phase VI If serves for computing carrying capacity. 

Thus, just as in the preceding case, prestressing of beams only post- 
pones fissure formation but does not increase carrying capacity as 
determined through failure-stage computations. 



The same thing is true when tensioning of reinforcement is per- 
formed against the hardened concrete of the beam. 

Computing carrying capacity at a normal cross-section. The stresses 
corresponding to Phase VIII (failure stage) in a cross-section of any 
symmetrical shape are illustrated in Fig. 72. 

If the section contains non-prestressed bars Fg and their stresses 
will attain at the moment of failure. The formula (condition 
for resistance) stems, as usual, from the conditions attending moment 
equilibrium of outer and internal forces in relation to the centre of 
g-ravity of the bars in the tension zone: 

M + — — a')l- (186) 

If the results of multiplying areas and moment-point distances are 
replaced by corresponding static moments, then the condition 
for resistance will be expressed as 

M ^m (/?be. 2 ‘^prc 8 + Fs. qu'^s)* (187) 
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The position of the neutral axis is derived through the condition 
of equilibrium when all forces are projected on the axis of the member 

^be.qii^pres'h^s.qu^s z^pres ^s.qu^s~^be.qti^c’ (1®®) 

Computing carrying capacity at diagonal planes. The character of 
failure in a diagonal plane of a prestressed member is identical to that 
in a non -prestressed beam. Therefore all formulae as well as methods 
of computing stirrups and bent -up bars, as presented in Sec. 10, are 
valid for prestressed construction, with the stresses in the tendons be- 
ing assumed as equal to qualified design resistance /?p,cs.qii attended by 
a service coefficient /n„res.d|. Some of the tendons, turned upward at the 
supports, are assumed as functioning as bent-up bars. 



Fig. 73. Computing fissure anticipation in a prestressed reinforced concrete l:eam 


Fissure-anticipation calculations. In Phase VII the stress diagram is 
considered as triangular for theconcrete in the compression zone of the 
transformed cross-section, and rectangular for the tension concrete, 
with a stress of (Fig. 73). 

The aim in fissure-anticipation calculations is to see that the exter- 
nal loads and internal compression do not cause higher stresses than 
in the tension-zone concrete. 

The bending moment due to the load shall be designated as M 

The resultant of forces in the tendons and Fpres that compress 


the section. 




' com ''pres®o^^dcv^“ ^pres 


(189) 


applied with an eccentricity e in respect to the centre of gravity of the 
section, will produce an inverse-sign moment. The total moment in 
the section 

Mtoi=M — N^^^e. (190) 

The section will undergo eccentric compression from the united ac- 
tion of the moment and the longitudinal force with the 
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result that the stresses in the concrete’s tension zone (according to the 
research of the Soviet scientists A. A. Gvozdyov and S. A. Dmitreyev) 
will be 


where 


^ ^tot ^com^kcTii 

^c.t 


(191) 


r expresses the distance from the centre of gravity 

of the transformed section to a point of the kern at 
its border; 

Wq — resisting moment of the transformed cross-section 
in respect to the extreme tensile fibre as determined 
for elastic materials through formulae in Strength 
of Materials; 

— resisting moment of the transformed cross-section 
with allowances for plastic properties of the con- 
crete in the tension zone, as determined by the 
formula 


(192) 

y — a coefficient evaluated in accordance with the shape 
of the cross-section: y= 1.75 for rectangular shapes 
and T-beains whose flanges are in the compression 
zone.* 


Let A/^om 2 ) — Alcorn be designated as the moment 

of the forces compressing the section 
in respect to a point of the kern. 
Then the condition for fissure anticipation will take the following 


form: 


CT,. 




' 'com 


the final expression of which is 
yu 



(193) 


(194) 


Checking maximum diagonal stresses. A check of beam resistance 
must include maximum diagonal stresses, both tensile i and com- 
press! vea^j.^^n,. Such a verification of transformed sections is conducted 
through the usual formulae given in Strength of Materials and with 
the fulfilment of the following conditions: 

^di.t ^ 1 

^di com < ^pr.qu 1 st Category construction; (195) 

for 2nd category construction. 

• For I-sections, when 3<^<8 and -^<4, 

when ^>4 and y = 1.5; 

0 il 

and 

when -->4 and --'^<0.2, v— 1.2o. 
u n * 
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Deformation computations. Deflection in prestressed beams devoid 
of fissures in the tension zone is determined through ordinary formulae 
given in Structural Mechanics and at a rigidity this 

means that rigidity is computed as for a homogeneous, transformed 
section but with a decreased coefficient of 0.85. When fl, is computed 
in connection with a constant load, a coefficient of not Ifes than 1.0 
is introduced as given in Chapt. Ill, Sec. 11 (formula (102)J when 
the value of 6=0.5. 

Deflection in prestressed beams that fissure in the tension zone 
(3rd category) is assumed as the sum of two deflections: 1) deflection 
/, at a rigidity of from part of the load applied prior to neutrali- 
sation of the prestress compression in the concrete, and 2) deflection 
f^, calculated as with the existence of fissures in the tension zone and 
at a rigidity of B.* 


3. Determining the Effect of Forces Created During Production of 

Prestressed Members 

The process of prestressing reinforcement involves either axial 
or eccentric compression in the concrete, depending upon the position 
of the resultant of compressive forces. 

With an axially applied compressive force, a check of the member’s 
resistance will mean fulfilment of the condition 

^prcs (<^0 — t^loss) < ’f (^c^pr. qu I’ ^s^s. qj. (196) 

where (p — a coefficient of longitudinal deflection. 

If tensioning is conducted between abutments, (p =1, whereas if it 
is accomplished against the hardened concrete, tp is taken from Table 
15. 

With an eccentrically applied resultant of compressive forces, 
condition (194) must be observed in checking fissure avoidance, as- 
suming that Af,m=0. 


4. Illustrative Problems 

Illustrative problem 18. Given; a cylindrical tank whose walls are subject 
to axial tension; =20 t; N=22 t; wall thickness fi=l0 cm; 6=100 cm; 
diameter of tank D = 15 m; grade 200-B concrete; tendons of high-strength 
round carbon wire, 5 mm dia. (Slate Standard 7348-55); tensioning to be per- 
formed on the concrete’s outer surface (Fig. 74, a), untensioned reinforcement 
F ^—606 of St-3 steel. 

Compute the prestressed walls. 

Solution. 

1) Gathering design data. From Table 17, l<g/crn*; from Table 6 

/?pj=80 kg/cm*; for checking pre-compression mc=l.2; ^i,r.qu==S0X 

* See Sec. 11. 
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X 1.2=96 kg/cm*; from Table 3 17-000 kg/cm*; from Table 8 

^i)rcs= 13.500 kg/cm*; mi,r^,=0.7; qu= 13,500 X 0.7^9,450 kg/cm*; from 

Table 8 /?s=2,100 kg/cm^; /?s.qu~2,100 kg/cm*; ^5=6 X 0.283=1.7 cm*. 

For untensioned bars £'s = 2,100,000 kg/cm*.' For tensioned tendons 
Z:s= 1,800, 000 kg/cm*. £^=290,000 kg/cm*. In computing stress loss Oj through 
formula (169% fe=l; R'=R. 





b{] =^40 



Fig. 74. Delineation of problems 18 
and I8a 


2) Calculat ions of Resistance. From 
condition (179), 


22,000 - 2,100X 1.7 , 

9:450 ^ ‘ ’ 


which is satisfied by 1005 (F^;ri,s=1.96 cm*). 

3) Computations for fissure anticipa- 
tion. Taking a|„jt.eontr = 10,000 kg/cm* < 
<0.65 Rl^^^ =0.65X 1 7,000= 1 1 ,000 kg/cm*. 


2.9 X 10^ 


= 1,024 cm*. 


The area of the transformed cross-section 

9 1 V' If)® IS 1 n® 

ftr = fc + fs« + W.= 10X + 

Determining loss of prestress. 

Loss prior to compressing the concrete: ^ 04 + <^5 — 0, inasmuch as 

the reinforcement is wound continuously and located on the outer surface of the 
wall instead of in ducts. 

Loss after compression of the concrete: 

^loss 2 — 4“ ^2 H" ^8 “f" 

a I — 300 kg/cm*; 

^ contr <Jloss i) T^pres 10,000X 1 .96 . 

Cc- j^q 24 — 


19.4 kg/cm*; 
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from formula (170) 


a^ = 

from formula (171), 


0.75 X 1 X 1.8x 10*x200 


X 19.4 = 90 kg’cnr; 


2.9xl0*x200 
a, = 0.05 X 10,000 = 500 kg cm*; 


wlien d > 3m, a* = 0; 

CT|oss 2 ^90 -f- 90 500 890 kg ’em*. 

Total stress loss 

^y|oss = cy|ossi+<Jioss2-~S90 kg/cm* < 1,000 kg cm*; 

<J|oss therefore taken as 1.000 kg cm*. 

From formula (183) the stresses in the concrete 


(Jc.i 


1.96(10,000 — 1,000) ^ , 

— 1 ( .5 kg cm*. , 


1.024 


From formula (182), when the stresses in the concrete drop to zero, the 
stresses Oo in the tendons will be: 

1 ft V 1 0® 

Oo= 10,000- 1.000+^— 17.5 = 9,110 kg cm*. 

^ ‘ ^9x10* 


The stresses in the bars at the moment of fissure formation in the con- 
crete Os — Oi + Oj = 300 -|- 90 = 390 kg cm*. 

fn 1st category construction, which includes the given tank. 
A^jjs = A/ = 22.000 kg; = 0.9. From condition (184) 

A^ji, = 1 0 X 1 00 X 1 0 -f 1 .7 (300 — 390) -f- 1 .96 (0.9 x 9, 1 1 0 + 

4- 300) = 26.500 > 22,000 kg. 

which indicates that the wall will be fissure-proof. 

It is not necessary to verify, through formula (196), the resistance of the 
concrete vs. the force causing its compression, inasmuch as the magnitude of 
pre-compression is very small (a^ = 19.4 kg/cm* < O.S^pr ^j„). 

(Illustrative problem 18a) 


Compute a prestressed I-beam (Fig. 74, b). Given: grade 400 concrete, 
^be.qu = 210 kg/cm*, /?{ ^^=18 kg/cm*, = 3.8x 10‘ kg'em*; reinforcement of 
5 mm high-strength cold-drawm intermittently deformed wire (State Standard 8480- 
57), /?prgg= 15,000 kg/cm*, qu = 8,400 kg/cm*; £s = 1 -8 X 10® feem*. Pre- 

stressing to be performed between abutments. The work to be done on a bed with 
heat-cured concrete. The difference in temperature between the reinforcement 
and its abutments A/ = 30°. The reinforcement (tendon) is to be released when 
the concrete’s resistance 7?' = 0.7/? = 0.7 X 400 = 280 kg/cm*. Beam span 
/=11.7 m. Specified uniformly distributed load ~ 2,400 kg/m, design load 
<7 = 3,300 kg/m. Service coefficient m=1.0. 


a) Computing normal- plane resistance: 


3, 300^ 11. 7* 
8 “ 8 


= 56.450 kg/m = 56.45 t/m. 


tentative 

n* 


calculation, assume that 


fpres = 7.84 


cm* (4005), 


For a 

to be ignored in the calculations because of its small influence. 

Assuming contr = oinit. contr = 0-65/?prcs = 0-65 X 15,000 = 9.750 kg/cm* 


cm (805). Supplementary untensioned reinforcement Fg and is 


6* 
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Tensioning losses: from relaxation, accord i;ig to formula (171), a, = aj = 
= 0.05 X ^^»750 ~ 490 kg/cm*; from a drop of temperature, according to for- 
mula ( 1 73), = 20 X 30 = 600 kg cm*: loss aio„ , = o, + a, = 490 -j- 600 = 

= 1,090 kg/cm*; from shrinkage Oi = = 400 kg./cm*. 

Determining Oq in order to compute loss due to creep: 


n = 



= MX!? = 4.75. 
3.8 X 10* 


Through formula (168) tJic transformed area of the section 


f,.tr = 78X6 + 40X 10 + 20X 12 + (7.84 + 1 .57) X 4.75 = 1.153 cm*. 
Static moment of the transformed cross-section in relation to the lower fibre: 

Str = 20 X 12 X 6 4- 78 X b X 51 + 40 v iQ X 95 + 7.84 X 4.75 X b + 

+ 1.57 X 4.75X96 = 64,180 cm*. 


Distance from lower fibre to centre of gravity, 

64,180 


^c.ir 


1,153 


= 55.6 cm. 


Moment of inertia of transformed section 

.'c.tr = ?m^X20X 12X49.6‘ +^4- 
40 V 10* 

+ 6.78 X 4.6* + ^ — + 40 X 10 X 39.4* + 7.84 X 4.75 X 49.6* + 

+ 1.57X 4.75X40.4*= 1.567.200 cm*. 

Compressive force 

^com = (/^pres + /^pres) (7-84 + 1 .57) X (9,75 0 - 1.090) = 81 .500 kg. 


Force of compression applied to the centre of gravity of all the longitudi- 
nal reinforcement at a distance e from the centre of gravity of the transformed 
cross-section 


e = 55.6 


7.84 X 6 + 1.57 X 96 
7.84 + 1 .57 


= 34.7 cm. 


The moment of the compressive force 

^com ~ ^com X 


The stresses of pre-compression in the concrete at the level of the applied 
force Mcom 

„ _^com , Af.W_A^coni , _ 81 ,500 , 81.500 X34.7* 

y,.t, Jc,u ~ l.l53"f 1.567,200 “ 

= 133 kg/cm* < 0.5^' = 140 kg/cm*. 


Loss from creep according to formula (169): 


(ft 


1 X 1.8X 10*X400 
3.8 X 10* X 280 


X 133 = 910 kg/cm*. 


Loss Oioss t — = 400 + 910 = 1,310 kg|cm*. 

Total loss Gloss = ^^iots 1 + ^^1088 1 = 1.090 + 1,310 = 2, 400 kg/cm*. 
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The stresse'i cr,. .p in the bars introduced in computing resistance, are 

determined through formula (185): 

a' ^ = 3.600 - (0.750 - 2.4(W) = - 3,750 kg cm*. 

When the width of the section = 40 cm, the height of the compression 
zone is found through condition (188) where = F'^ = 0. and F^ = bi\x. 

^ 8,400 X7.85 + 3,750 X 1.57 

^ = 2m^o = 

X = 10cm, hence the section is considered rectangular and with 
a width of 6f|. 

When f r = /z„ — 0.5 jc. and/^j=0, formula (186) will determine 
the moment borne by the cross-section: 

M = 1 V (210 X 40 X 8.6 (94 — 4.3) - 3.750 V ] .57 (91 - 4)] = 

= 5,930,000 kg'cm = 59.3 t/m 56.45 < 59.3, hence there is sufficient 
resistance. 

b) Computing diagonal -plane resistant e, 

^__ql _3,300X' 11.7 


2 


19,300 kg. 


Fioim fornuilti (75) 


1 ^. 800 * rr . 

0.6 X 210 y 6 X ‘-W* ■' 


which is satisfied by reinforcing the beam with one prefabricated frame whose 
upright bars are 10 mm intermittently deformed St-5 bars; ^ 1,900 kg/cm** 

/st = 0.78 cm*. 

According to formula (76) rec, Hired spacing 


.. 1,900X0.78 
55.7 


= 27 cm. 


Checking condition (79): 

0.1 X 210 V 6X94* 


:55.7 > 27, 


19,300 

hence the spacing of upright bars u = 27 cm (25 cm), 
c) Computing fissure resistance under load. 

kg.„, = .l.2 rm, 

o o 

The resisting moment of the transformed section (its lower part) 

r, =2 28,000 cm’. 

[f 55.6 

The distance from the centre of gravity of the transformed cross-section 

io the upper point of the kern 

— — .9d 

^keni upper — p ~ ^ — 1 153 

The resisting moment of the transformed cross-section, with due regard to 
concrete plasticity in the tension zone, is determined by formula (192): 


bjl 40 c y J O 7 - 1 R. 

f = T = 6-7 and = y = 1.5. 

= 28,000 X 1.5 = 42,000 cm’. 
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The stresses in the upper and lower bars, when mjev — 0-9: 

mjjevCJo = ^devt^o “ (9,750 — 2,400) = 6,600 kg/cm®. 

In order to calculate A^com determined, including all 

losses: 

= (7.84 + 1.57) 6,600 = 62,000 kg. 
e^34.7 cm; MJ:;;’ = A/J';:'(H-^kern upper) = 62.000 (34.7 + 24.3) = 

= 3,660,000 kg/cm --36.6 l/m. 

1^^X42,000 = 755.000 kg/cni=7.55 t/m. 

Checking fissure resistance, according to condition (194): 

41.2 - 36.6 ^ 7.55; 4.6 < 7.55, 

hence, fissure resistance is assured, 
d) Determining beam deflection. 

Rigidity /T,eromo=0.85 £'7tr==O.85X38O,00nv 1.567 y 200 = 

= 5.05 X 10** kg/cm^ 

At a constant load, 0.59 = 0.5 X 2 •— 1. hence, £ 2 t^^jo = = 
= 5.05y 10’* kg/cm*. 

Deflection in midspan from the load 

/ _ _ 5X24XM70* 

^'~384 X «zero~ 384 X 5.05x10" “ ' ' 

Determining retrofle.Kion of the beam when the tendon is released from the 
abutments: 

when resistance of the concrete R'=0.7R, £® = 3. 3X19*1 
hence. 

, 3 v in* 

Bzero = ^%cro ^.37 X 10" kg/cm^ 

_ _8l.r, 00X34.7 XI. 170»_ 

/rclro— — 8X4.37X10" — 

Total deflection 

/ = /i - /retru= 1-17 - 1.01 = 0.07 cm. 



C H A P T I- R VII 


DESIGN PRINCIPLES IN REDISTRIBUTION 
OF BENDING MOMENTS 

Sec. 19. DEFINITIONS OF A PLASTIC PIVOT AND OF 
BENDING MOMENT REDISTRIBUTION 

When the applied load of a reinforced concrete bending member has 
imparted a certain amount of stresses to the cross-section, the tension 
bars will begin to yield if they are of mild steel. When yielding com- 
mences, plastic deformation along a given length of the bars will 
deform the member (mutually twisting the parts on both sides of 
the given length) without further addition of the load. This phenome- 
non is known as the creation of a plastic pivot. 

The stresses in the compression-zone concrete of the said cross- 
section will increase together with plastic deformation in the tension 
steel, and if the member represents a statically determinate system 
(such as the single-span freely supported beam shown in Fig. 75,0), 
the stresses in the concrete will reach ultimate compression in bend- 
ing and cause failure. 

If the beam is statically-indeterminate, e. g., if one end is restrained 
and the other is freely supported (Fig. 75, b), the concrete stresses 
in the compression zoneof the plastic pivot might not attain the val- 
ue of ultimate resistance, as heightening of plastic deformation and 
crushing of the concrete in the compression zone will be hindered by 
the restrained support, functioning as an additional tie. 

From this it is seen that the creation of a plastic pivot in a statical- 
ly indeterminate system merely reduces its degree of static indeterini- 
nateness. The above beam, with one end restrained and the other 
supported freely, will become statically-determinate after the forma- 
tion of the first plastic pivot. Subsequently, as the toad grows, there 
will be a loss of geometric stability and a second plastic pivot will 
appear at the support B. 

A plastic pivot experiences an unchanged bending moment of 

M -- mm^R^F^z, (197) 

when the load increases, because the stresses will have gained the 
yield point in the bars (Fig. 75, c). 
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The first plastic pivot will origirlate in the plane where the bars 
yield because of insufficient bar area, unable to sustain the bending 
moment in its elastic stage. The location of such a plane will depend 
upon the methods of either mid- or end-sedtion reinforcement. 

In statically indeterminate systems the creation of a plastic pivot 
will engender redistribution of bending moments amidst the various 



Fig, 75. Creation of a plastic pivot in reinforced concrete 
beams 

fl— a si ngle-span statically determinate beam; b— a statically indeter- 
minate beam with one restrained end and the other end freely 
supported; c— stress diagram In a plastic pivot 

cross-sections. To explain this, a statically uni-indeterminate beam 
will be taken as an example (Fig. 76, a). 

The creation of a plastic pivot, due to the load P, at the support 
B will render the member statically-determinate and with any fur- 
ther growth of the load it will continue to function under this new 
scheme: the bending moment will increase only in the interspan and re- 
main constant at the support Mb- A t a given addition to the load, a 
plastic pivot will also form in the interspan, the beam will be trans- 
formed into a geometrically unstable system and it will fail. 

Directly before failure, the condition of equilibrium will cause the 
bending moment in the span (Fig. 76, c) to be 

which gives 

( 198 > 

where M,— the moment of a simple, single-span beam. 
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Similarly, when both supports are restrained (Fig. 76,d), th'e condi- 
tion of equilibrium will cause the bending moment in the interspan, 
just prior to failure, to be 

— — Mb Y , (199) 

which gives 

Mjp-f At A y -|^M b y — Af„. (200) 

Thus, the creation of a plastic pivot and an increase of load in a 
statically indeterminate system will change the moment -ratio between 
the interspan and support, that is, there will be a redistribution (or 



Fi^. 76. I^edistribution of bending moments in statically indeter- 
: minate beams 

equalisation) of bending moments amidst the various planes. Under 
such circumstances, condition (200) — equilibrium during moment 
redistribution — is always fulfilled; the sum of the moment in the in- 
terspan section M,p plus the fractions of moments at both end sec- 
tions Ma y and May, corresponding to the interspan moment, will 

be equal to the moment in a simple beam 

The sequence of formation of plastic pivots at the inter- and end- 
span cross-sections may be arbitrary only if condition (200) be ob- 
served. Nevertheless, theextent of bendingmoment redistribution will 
influence the width of fissures in the first plastic pivot. Fig. 76,d 
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indicates possible variants of bending moment redistribution in a 
beam when condition (200) is fulfilled. 

The relationship of bending moments must be ascertained when 
designing statically indeterminate reinforced concrete, the sequence 
and location of plastic pivot formation beirtg noted with the aim of 
attaining a rational share of reinforcement between the interspan and 
end-sections. 

Calculating reinforced concrete with proper regard to redistribu- 
tion of bending moments — or, as it is called, moment redistribution 
computations — will permit, firstly, a decrease of bars in some cross- 
sections while increasing them in others (this being especially impor- 
tant for simplified joints at the supports in precast construction), and 
secondly, unification of reinforcement in many instances at the mid- 
and end-sections by the introduction of prefabricated (welded) 
mats and blocks (which is impossible when computing by the elastic 
diagram) and thus standardising the reinforcement of continuous 
slabs and beams. 

In order to restrict fissure widths in the tension-stressed concrete 
owing to bar lengthening in the plastic pivot, a 30% maximum 
moment redistribution is allowed. This means that an equalised mo- 
ment must be at least 70% of the moment calculated by means of the 
elastic diagram. But when cold-notch bars are used, 15% will be the 
limit of moment redistribution, since the properties of this type of 
bars are very close to that of hard steels which have no horizontal 
sector of yield in their stress-deformation diagrams. When fissures are 
prohibited by the intended use of a structure, computations are done 
through moments determined for the elastic stage. 

The planes where plastic pivots will form must not fail, because of 
crumbling of the compression-zone concrete, before the application 
of ultimate loads. Tests have shown that in order to achieve this, 
the reinforcement percentage must be limited to 0.3. This deter- 
mines the cross-section’s critical percentage of reinforcement where 
plastic deformation would begin developing in the bars and cause 
a plastic pivot: 


100^30:;; Vi- ;o 


be_ 0,/^ 

fflsRs 


(201) 


Sec. 20. EQUALISATION OF BENDING MOMENTS IN CONTINUOUS BEAMS 

There are several ways of equalising bending moments in statical- 
ly indeterminate continuous beams. Let us examine two of the prin- 
cipal methods. 

In continuous equal-span cross beams reinforced wdth prefabricat- 
ed blocks and mats, and in continuous slabs reinforced with prefab- 
ricated roll-type mats, it is best to arrange an equal-moment system 
with similar moments in the interspan and at the supports: 
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—Mp,=Mq. Thus in a uniformly loaded 5-span beam (Fig. 77, a), 
the moments at the supports at each end of the centre span are equal- 
ised to satisfy symmetry. The cro.ss-section in the middle of the cen- 

trespan, where y , is derived by adapting the moment-equal- 

ising condition (200); 

! y Ma i ll'll* ~ -^O- (202) 



lig. 77. Equalisation of moments in a continuous beam 


For a simple uniformly loaded beam 



Since the problem requires that 
then equation (202) gives 

or (203) 

Fig. 77, b illustrates the moment curve of a multi-span beam: at 
the extreme unrestrained support, =0.The greatest moment in the 
first span is in the cross-section located at a distance of a=x=^0Al 
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from the support. By adapting the moment -equalising condition (200) 
for this cross-section, we obtain 

A/3^+0.4yMB=.M,. . . (204) 

When a:== 0.4/, the moment for a simple beam 

Since the problem demands that — then from equa- 

tion (204) we obtain 

1.4M=0.12^//* 

or 


which, after trimming the denominator (which gives a slight positive 
error to the moment), we obtain 

(205) 

and for which the reactions at the supports (Fig. 77, c) will be 

Qa - y -OAql (206) 

and 

I J=-0.6^7^ (207) 

For heavily loaded continuous beams and girders (main beams) 
other methods are employed where it is desirable, because of structu- 
ral requirements, to lighten the reinforcement at the supports by 
means of a corresponding strengthening of interspan bars. In such 
cases, equalisation of moments is achieved by adopting a ir^gment 
diagram obtained from live load distribution that gives a maximum 
moment in the interspans. 

The dead loads are disposed in each span of continuous beams, but 
the live loads can be arranged in varied sequence. Thus, if the live 
load is placed in every other span (Fig. 77, d), a maximum interspan 
moment is obtained. If the live load is assigned to the first two spans 
and then to every other span (Fig. 77, e), the maximum moment will 
be at the support between two adjacently loaded spans. However, if 
condition (200) is observed when equalising the moments, the same 
moment at the support can be obtained for loading schemes as repre- 
sented by Fig. 77, e, as for those shown in Fig. 77, d. 

Hence, when computing moment equalisation in continuous beams, 
it will be sufficient to allot the live loads to every other span and cal- 
culate the moment curve as for an elastic design. Such computations 
are commonly done with the aid of tables (see Supplement V) and by 
fulfilling all stipulated limitations. 
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Equalised bending moments in continuous equal-span beams wlien 
computed as above are usually not less than 70% of the moments got- 
ten by the elastic diagram, including cases when the live load is 
not more than 1-1.3 g. For greater live loads borne by heavy 
beams and girders (main beams), moment equalisation is carried out 
through methods of Structural Mechanics (superimposing equalised 
curves, etc.) which procure the desired limits of moment redistribu- 
tion. 

For greater live loads in slabs and cross beams in in-situ floors, mo- 
ments are evolved through formulae (203) and (205) because unfavour- 
able distribution of the live loads is neutralised by the monolithic 
rigidity of all the members as a whole. 



CHAPTER VIII 

BASIC PRINCIPLES !N DESIGN OF REINFORCED CONCRETE 
TO SATISFY INDUSTRIAL METHODS AND ECONOMICS 

Sec. 21. STANDARDISATION AND UNIFICATION 
1. General Outline 

A building is made up of separate members^ each of which has its 
special function and is liable to various load stimulations. The roof 
carries its cladding and snow load and is subject to the action of bend- 
ing; the floors support the building’s occupants, equipment, goods, 
etc., and are also subject to bending; the columns hold up the floors 
and roof and are subject either to axial or eccentric compression and 
transmit their burdens to the foundation. 

The main vertical and horizontal stays of a building are the columns 
and girders; they sustain the members that bear the roof and floors 
and create the skeleton of the structure, known as the frame (Fig. 
78). 

A building must be designed so that all its members embody the 
necessary carrying capacity {strength and stability), rigidity, and the 
required degree of crack resistance, while the structure as a whole must 
possess skeletal rigidity. Skeletal rigidity is understood to mean the 
ability to horizontally resist the action of various loads and physical 
forces. 

A number of structural methods are employed to impart skeletal 
rigidity to a building: systems of geometric stability (trusswork) 
(Fig. 79, a), framework consisting of bents (Fig. 79, b) or of tied verti- 
cal and horizontal diaphragms (Fig. 79, c), etc. 

Reinforced concrete members of a building must not only possess 
strength and stability, they must also be economical and lend them- 
selves easily to methods of industrial fabrication and machine erec- 
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t ig. 79. Structural systemi that impart skeletal rigidity to a building 


lion with a mininium expenditure of material and manpower. These 
demands are best met with by precasting methods, which have found 
wide application both in this country and abroad. 


2. Standardisation of Precast Members 

The most efficient way of making precast members by factory 
methods is to produce them in single-type series. This permits perfec- 
tion of technological processes, reduces manual labour, and lowers 
the cost and improves the workmanship of the finished product. More- 
over, a very important conclusion that follows from all this is that 
the number of detail types for building construction must be reduced 
to a minimum but must be used in great quantities on all kinds of 
structures. 

All this may be achieved by standardising structural details. This 
means that the best types must be selected as dictated by experience 
and as compared with design-evaluation factors of similar types (ex- 
penditure of component materials, gross weight, comparative diffi- 
culty of manufacture, and cost of finished product). The details thus 
chosen are then used in mass production. 

The results of this standardisation of precast reinforced concrete 
elements are then presented, for use of the building designer, in the 
form of catalogues. Such catalogues will necessarily undergo altera- 
tions from time to time as the details are either improved or new or 
belter ones created on the basis of technical progress and accumulated 
building experience. 





3. Unification of Spacing Multiples and Structural Layouts 

To make possible wide incorporation of standard members into all 
kinds of buildings, the latter’s spacing parameters (column centering 
and building heights) must be unified, i. e., they must be reduced to a 
limited number of definite standard dimensions. Such a gauge is pro- 
vided by the Standard System of Modules (SSM) which has estab- 
lished 100 mm module variations and enlarged special modules. 

At present this unification of spacing lengths for one-storey factory 
buildings has resulted in a 6 or 12 m longitudinal centering (column 
spacings), and a 3 m enlarged module for lateral centering of 6, 9, 12, 
15, 18, 24, 30, and 36 m (Fig. 80, a). 

Unified grids for multi-storey industrial structures are 6 x 6 or 
6 X 12 m (exceptions such as (7 -1-3 -F 7) x 6 m are employed in 
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80 . Unified spacing multiples for industrial buildings 
tf— for a oiie-slorey structure; for a multi -storey building 


individual cases because of equipment clearances], and enlarged 
height multiples of 600 mm, as for instance 4.2, 4.8, and 6 rn 
(Fig. 80, b). 

An enlarged module of 400 mm embraces apartment houses and 
civic buildings with grid layouts ranging from 2 to 6.8 m for long- 
itudinal (spacing) and lateral (span) dimensions. An enlarged 
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height module of 300 mm includes such 
heights as 2.7* 3, 3.3, and 3.6 m (Fig. 81). 

This standardisation of spacing multi- 
ples has made it possible to adopt a lim- 
ited nomenclature of unified structural 
layouts for the typification of frames and 
their connections, embracing the struc- 
tural blocks of a great number of build- 
ing designs. 

All this has permitted the design of 
standard building projects for mass con- 
struction. Dimensions of all standard 
members are coordinated by the SSM, 
which is based on three dimension 



Fig. SI. Unified dimensions 
for multi-storey apartment 
houses and civic buildings 


categories: nominal, structural, and 
actual. 

The nominat dimensions are for grid 
spacing of buildings. 

The structural dimensions differ from 
the nominal by a difference of clearances 
required for joints. For example, a 
ribbed floor panel with a nominal dimen- 
sion of 6,000 mm will have a structural 
dimension of 5,970 mm, since 30 mm is 
discounted for the joint (Fig. 82). Joint 
clearances depend upon conditions and 
methods of erection, and must provide 


for convenience in assembly of each 
member and, if necessary, its grouting. In the latter instance the 


joint is made 30 mm. 


Spacfy Jirucl'ural len^h,lslru^ 


I ^Groui filling 



Fig. 82, Nominal and structural dimensions of precast members 
a— floor panel; 6— girder 
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The actual dimensions are those of the finished member which, de- 
pending upon the exactness of factory workmanship, will differ some- 
what from structural dimensions by an amount known as the al- 
lowance (from 3 to 10 mm). Structural dimensions must be chosen for 
the design with full consideration of joint clearances and specified 
allowances. 

4. Amalgamated Units 

In the design of precast members the trend should be towards 
amalgamated (large) units. There are a number of advantages in erect- 
ing a building of such large parts: 1) lifting and placing operations 
are reduced to a minimum. 2) the number of erection joints are de- 
creased, and 3) the degree of prefabrication is increased with a subse- 
quent reduction of finishing at the site. 

Thus, in appartment house construction the rational floor slab 
would be one of room-size, while wall blocks should be of one-storey 
height and the width of a room with completely finished surfaces. 
In industrial structures the best roof slab would be one that fits from 
truss to truss without the aid of purlins. Limiting factors for the size 
of such large members are the maximum weights and overall dimen- 
sions that could be handled by transporting and hoisting machinery, 
and also methods of delivery. In order that full advantage be taken 
of cranes, the enlarged units should be amalgamated so as to be all of 
approximately the same weight, close to the maximum capacity of 
the crane. 

Since in most cases enlarging of units is limited by allowable 
ultimate weights, they should be designed with light cross-sections, 
thin walls, hollow slabs, and other lightening features and with the 
incorporation of prestressed high-strength steels and high-density 
concretes. In some cases it will be found advisable to use lightweight 
aggregate for the concrete. 

Sec. 22. MANUFACTURE AND ERECTION 

1. Producibility of Precast Members 

When the design of a precast member lends itself readily to a mass 
technological process in a given factory or casting yard where modern 
efficient machinery is used without additional hand operations, 
it is classified as having the attribute of producibility. 

Precast reinforced concrete elements are made in accordance with 
one of the following three schemes: 

1. Assembly-line technology. The members are made in metal forms 
on individual wheeled trays that move along rails from one machine 
to another with the necessary operations being performed consecu- 
tively. 

2. Consecutive machine technology. The manufacturing processes 
are executed in separate shops of the factory with the forms moved by 
crane or on rolling platforms from one machine to the next. 
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3. Stand technology. The specific feature of this method is that pro- 
duction and thermal treatment of a product are conducted on fixed 
stands or beds while the machines that perform the various operations 
are consecutively moved to the stand. 

The exact technology chosen depends upon the design and size of the 
individual precast members. 

a) Giant prestressed members for industrial structures (beams, roof 
panels, overhead -crane girders, etc.) are made on straight-line stands. 
The latest type of this stand produces prestressed members reinforced 
with various types of tendons: bunched-wire, single-bar, and 
braided. The members are made in a horizontal position and the 
concrete is compacted by vibration. After setting they are subjected to 
heat curing. 

b) Roof panels and other parts with continuous reinforcement 
are very efficiently made by Professor Mikhailov’s stamping and 
vibrating method; the ZlH-7 machine winds high-strength wire upon 
pegs fixed in the form, after which theHB-57 machine pours, vibrates, 
and stamps the concrete. The stamper of the mechanism is made to 
correspond to the outline of the member, and the stamp’s intensive 
pressure and simultaneous vibration exerted upon the stiff mix gives 
the member its required density and shape. Directly after completion 
of this operation the stamp is detached from the concrete and the 
sides of the form open up without disturbing the pressed concrete 
shape. 

c) Wide application is being given in this country and abroad to the 
chamber method of moulding reinforced concrete floor and wall panels 
for apartment house construction. By this method a package of from 
8 to 10 and more panels are produced on a stand in vertical metal 
moulds. Setting up and subsequent stripping of the moulds is accom- 
plished mechanically, the preassembled reinforcement of the panels 
being placed during the setting-up operation. A stiff concrete mixture 
is pneumatically piped to the chambers and tightly packed by vibra- 
tors, this operation being followed by steam curing (injection of steam 
into the thermal bays of the moulds). The concrete attains its required 
strength in several hours and is stripped from the moulds in a verti- 
cal position. 

The mould method of producing both flat and ribbed slabs results 
in a considerable saving of factory (production) space, eliminates the 
need of edging the panels, and produces even, smooth surfaces. 

d) An invention of the Soviet engineer N.Y. Kozlov for the further 
improvement of industrially produced reinforced concrete is ihemeth- 
od of machine rolling and vibro-packing of thin-walled panels for 
floors and partitions of apartment houses. The essence of this progres- 
sive manufacturing process is that the reinforced concrete members 
are made on an endless conveyor belt whose surface serves as the form- 
work for multi-ribbed members. 

After placement of the reinforcement blocks, the concrete mixture 
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is delivered, rolled, and vibro-packed by means of rollers situated 
above the belt. The successively rolled pieces, covered at the top and 
heated from below, attain required strength in the course of their two- 
three hour trip on the conveyor and, after cooling on racks, are trans- 
ferred to the finished products warehouse. 

The complete cycle of production, beginning with mixing of the 
concrete and ending with issuance of the finished product, is conducted 
on one rolling-mill installation entirely subordinated to the speed of 
the casting belt. This method of uninterrupted vibro-rolling achieves 
a high degree of mechanisation, productivity, and geometric preci- 
sion that permits the fabrication of members having walls as thin as 
10 mm. 

e) An alternative of the above endless vibro-roller belt is the vib- 
ro-roller stand for the manufacture of floor and wall panels entering 
into the construction of industrial buildings. This method is suited to 
the casting of giant prestressed panels with tendons tensioned in two 
directions by a winding machine. 

However, the fabrication of the entire list of reinforced concrete 
elements cannot be accomplished through any one individual method, 
and plants engaged in such production usually combine the various 
methods. 

Three of the most efficient production lines for the fabrication of 
precast reinforced concrete for industrial buildings have been de- 
veloped in the U.S.S.R. 

The first line is a combination of three production schemes: consec- 
utive machines for making members up to 6 m in length, a straight- 
line stand for very long prestressed parts, and a stand for long mem- 
bers with ordinary reinforcement (columns, ground beams, etc.). 
The second line is the same as the first, but with the addition of a 
vibro-roller production line for giant prestressed slabs. The third 
line consists of consecutive machine production, a stand equipped for 
continuous reinforcement and vibration-stamping, and one for ordi- 
nary reinforced concrete. 

All of the above open the way for the manufacture of a wide assort- 
ment of reinforced concrete units and also allow for any subsequent 
alterations required by future improvements in design. 

Methods of production must absolutely be taken into account in 
reinforced concrete design, because a member suitable for one techno- 
logical scheme may prove badly adapted to another. For example, 
when dividing the frame of a multi-storey structure into separate ele- 
ments (Fig. 83, a), it is possible to cut the girders at the planes hav- 
ing the least moments (Fig. 83, fc), but the columns will have to be 
made with brackets reinforced by cages placed in two intraperpendicu- 
lar directions. The breadth of such a column at its brackets is several 
times wider than the column proper and under conditions of assembly- 
line consecutive machine production lacks producibility for the fol- 
lowing reasons: 1) the volume, in m*, of goods handled by the convey- 
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or is lowered because the width of the conveyor truck allows placing 
of only one column; 2) the necessity of arrafiging reinforcement in two 
directions complicates the placing of the bars, and 3) manual labour is 
added to the operation of pouring the concrete into the brackets. 



Fig. 83. Division of a multi-storey frame into precast members 

<f— inotriciit diagrarii induced by vertical loads; t - sketch showing divi- 
sion of girders at zcro-monient planes; c'— division of the frame into straight. 


in assembly-line and consecutive machine fabrication the division 
of the frame into straight units (Fig. 83, c) attains greater producibil- 
ity, and although in this case bending moments and lateral forces 
are greatly increased at the planes of the cuts and consequently de- 
mand better workmanship during erection, nevertheless this division 
considerably raises production of factory-made precast elements of 
the frame and is therefore accepted as a standard. However, if such 
columns are made in a casting yard, the bracket-type of division is 
a comparatively simple matter and attains producibility. 


2. Producibility in Erection 

The producibility of reinforced concrete must not only embrace 
iabrication in the factory or casting yard but also erection, i.e., 
the design must anticipate convenience of erection in the piece’s 
actual position. 

In certain cases the principal factor determining the method of di- 
viding the frame will be producibility in erection. For example, it is 
very convenient during erection to place the dividing joint of the 



column at a level of 600-700 mm above the door (Fig. 83, 6, c), in 
spite of the fact that thestatic behaviour of the said column makes a 
mid-height plane, where the bending moment has a minimum value 
(Fig. 83, a), more rational. From this it follows that the position of 
joints of precast units is controlled not only by the question of static 
resistance, but also by practical erection requirements. As a rule the 
joint must require neither heavy erection welding nor difficult sub- 
sequent concreting. 

The design of precast members must not omit arrangements for 
their transportation and hoisting, such as loops of mild steel properly 
attached to the bars, holes that pierce the member, etc. 

The positions of loops and holes must be designed with allowances 
for static behaviour during transportation and hoisting of the given 
member. 

3. Static Behaviour of Reinforced Concrete Elements During 
Transportation and Erection 

.Precast reinforced concrete units are subject to various force stim- 
ulations prior to their final placing; when they are taken from their 
forms, lifted, moved, stored, etc., all this being reflected in design 
diagrams that differ from the regular design diagram of each member. 

In correctly designed structures, erection stresses should not be 
the cause of additional bars or greater cross-sections. 

When calculating erection stresses, the dead weight of the member 
is commonly considered its principal load and possessing a dynamic 
character, because it is applied in full and instantaneously during 
hoisting operation.* Because of this, and also because themember is 
liable to additional dynamic forces (jarring and impact), a dynamic 
coefficient of 1.5 is attached to the dead weight of the member when 
computing erection stresses. 

The most typical member whose stresses in its normal position dif- 
fer entirely from those caused during handling, is the column. In 
its normal working position it undergoes either axial or eccentric 
compression, but in moving or hoisting it is subject to bending by the 
uniformly distributed load of its own weight (Fig. 84, a). Hence the 
stresses imparted during handling may considerably alter the design 
cross-section of the member as compared to that calculated for its 
normal position. 

The design cross-section of a column taken as an example is given 
in Fig. 84, 6, but inasmuch as it is fabricated horizontally (lying 
flat), during hoisting operations its effective cross-sectional height 
will fall short of these dimensions, and bar areas and will also 
change (Fig. 84, e). Therefore the reinforcement evolved for thecol- 

* Static loads are assumed as being applied gradually, beginni^ig with a 
zero value and ending with their iinal magnitude. 
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umn’s normal position may prove insufficient for erection operations. 
The designer must, in such a case, include such measures as will al- 
ter the member’s design diagram during the' course of lifting opera- 
tions so that it will not be necessary to add more bars that will be use- 
less when the member is in place. 

There are a number of such possible measures: shifting the posi- 
tion of grappling hooks, specifying the positions of supporting chairs 
used in transportation and stacking, use of patent tackle (cross 
pieces, grappling hooks), etc. 

For example, if the hoisting loops in the column were shifted from 
the ends towards the centre, when lifted the element will behave as a 
single-span beam with overhangs (Fig. 84, a) and the maximum bend- 
ing moment will be less than if it were without overhangs. 

In lifting members designed to act normally as bending elements, 
it will likewise be found convenient to place the grappling loops or 
holes somewhat away from the ends. This will create an allowed ten- 
sion in the member’s upper zone if the installation bars in that part 
of the concrete can bear the stress. But this must be verified by compu- 
tations in each individual case. 


a) Bending moment M Bending moment M 



Fig. 84. Structural diagram of columns during erection operations 


The above suggestions concerning grappling positions during hoist- 
ing^operations are also valid for supporting chairs (blocks) used in 
moving or stacking of members. 

Units that are very high and narrow, such as high beams, trusses, 
wall panels, etc., are usually transported or lifted “edge up”. When 
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such units are made in a horizontal position at the plant, they are 
squared off before being stripped from the forms. 

In the design of a building made of precast members, its stabili- 
ty must be guaranteed during erection, using temporary bracing if 
required. If the structure is statically indeterminate, the designer 
must also dictate erection sequence. 

Forces imposed upon a member during erection are assumed as ad- 
ditional load combinations and, with the exception of the element’s 
dead weight, are therefore computed with a coefficient of 0.9. 


Sec. 23. PRINCIPLES IN DESIGNING JOINTS OF PRECAST ELEMENTS 

A structure assembled of correctly jointed separate-elements will^ 
under load, conduct itself as a monolithic whole. The joints must there- 
fore be strong enough to resist the forces stimulated within them 
and also embody producibility, both in fabrication and erection. 

Three kinds of forces may act within the joints; a bending moment 
M, a lateral force Q and a longitudinal force N. The decisive forces 
determining the design of a given joint will depend upon the frame 
construction. Thus, the decisive forces will be M and Q in a column- 
girder connection (Fig. 85,a), N and M in the joint of an eccentrical- 
ly compressed column (Fig. 85, b), and the longitudinal force in a 
hinge joint (Fig. 85, c). 

The joints of some members will bear no design load and are merely 
supplementary, examples of such being a single-span beam bearing 
directly upon the butt-end of a column, joints of adjacent floor panels. 





fig- 85. Types of joints in precast members and the forces 
stimulated within them 
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The transference of forces in a joint is implemented either via weld- 
ed steel insertions, or concrete placed into the joint during erection, 
depending upon the kind of forces being deqlt with. Welded steel in- 
sertions (Fig. 85, d) are the common connection when the greatest 
stimulations are bending moments, lateral forces, or tensions. This 
kind of connection transfers the tensile forces from the reinforcement 
of one precast element to the bars of another. A welded joint of this 
sort must be so constructed as to avoid distortion of the insertions or 
bearing plate when the forces are conveyed through the connection 
(Fig, 85, e). 

In joints effected only by compression, the stresses may be trans- 
ferred either directly through butted concrete j^urfaces, or by means 
of additional concrete grout, or even through inserted and welded 
steel parts. 

Concrete poured into the joint during erection may either bear de- 
sign stresses, or serve as a supplementary connection. In the first in- 
stance the grouted concrete must not be less than grade 200, while in 
the latter case (supplementary grout) grade 100 is used. To pour a re- 
liable joint, the clearance must not be less than 30 mm. Experience 
has proved that an excellent bond is obtained between thenewly poured 
grout and precast concrete if the work is well done (when surfaces 
are cleaned and moistened, etc.). Thus, w^ell grouted joints of floor 
panels will assure unified action even when one of the panels receives 
a concentrated load (Fig, 85,/). 

Local high temperatures are developed during welding of steel 
insertions in the joints, thus subjecting the surrounding concrete to 
the action of heat. Tests have shown that this somewdiat impairs the 
mechanical strength of the concrete; nevertheless the effect is only lo- 
cal and will not harm Ihecarryingcapacity of the jointed connections. 

To render steel insertions corrosion- and fire-proof, they are treat- 
ed with a 2-3 cm protective cement covering applied on metal 
lath to avert subsequent peeling. Furthermore, the steel insertions 
must be embedded within the precast members so that a mini- 
mum of projections will result after application of the protec- 
tive covering. Insertions must be made as small as the computed 
length of the w^eld allows. 

Butt connections are implemented by tensioning the tendons 
within the ducts of the hardened concrete parts intended to be 
joined (see Sec. 17). 

Sec. 24. SPECIFIC PROBLEMS IN 
THE DESIGN OF IN-SITU REINFORCED CONCRETE 

Industrial methods should also be applied to in-situ reinforced 
concrete: a considerable part of the work should be performed in 
specialised plants, while erection on the site proper should be ac- 
complished through coordinated mechanical means. With this in 
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mind, in-situ reinforced concrete 
should consist of simple cross- 
sections and its fulfilment should 
involve re-useable formwork, pre- 
fabricated reinforcement blocks 
and mats, self-supporting rein- 
forcement. and amalgamated 
blocks of bars — both bare and 
together with the formwork — all 
ready-made in a factory. 

Amongst the kinds of in-situ 
reinforced concrete units that 
are adaptable to the above 
demands is the thin-slab type of 
roof construction for elongated 
industrial buildings, fulfilled 
with the aid of a truck on rails 
which supports the arched form 
and raises, lowers, and moves it 
horizontally (Fig. 86). 

Another way to increase indus- 
trialisation of in-situ construc- 
tion is by the adoption of 
composite reinforced concrete, 
which consists of precast elements 
incorporated into in-situ sectors 
which embrace the entire job. 
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Fig. 86. Travelling formwork for the 
construction of in-situ reinforced con- 
crete buildings 


Sec. 25. COMPENSATION JOINTS 

In order to minimise the forces in a structure arising from tempera- 
ture changes and concrete contraction (shrinkage), the building must 
be divided into sections by means of compensation joints (shrinkage- 
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Fig. 87. Compensation 
ioints 




temperature joints) (Fig. 87, a). The width of such Joints is usually 
20 mm, and their spacing established so that the forces provoked by 
shrinkage and temperature changes (computed as additional stress 
combinations) do not initiate a need for extra reinforcement in the 
members. 

A list of such spacing is presented in Table 18. 

Enclosed structures or those built in the ground are less liable to 
temperature changes than if open-built, for which reason their spac- 
ing of joints is made greater than in the latter case. Joints in frames 
assembled of precast elements are arranged at greater intervals than 


Table 18 

Spacing of Shrinkage-Temperature Joints 



Spacing in metres 

Type of construction 

1 

In enclosed 
structures and those 
built in the ground 

In open 
structures 

In situ reinforced concrete frames of heavy 
concretes 

50 

30 

Ditto, precast construction 

60 

40 

Structures entirely j)f in-situ heavy con- 
cretes r 

40 

25 

Ditto, of lightweight concretes 

30 

20 

Framed reinforced concrete buildings com- 
bined with either wooden or steel roof 
cladding construction 

60 

40 


in cast-in-place frames, because some of the temperature and contrac- 
tion deformation of the former is absorbed before the final grouting 
of the joints. More frequent joint spacing is practised for buildings 
erected of light concretes because they contract more intensively than 
those of heavy concretes. 

Structures in which the authorised spacing of compensation joints 
is exceeded, must be checked by computation. 

A building will settle unevenly if it rests on different bearing soils 
or has different numbers of storeys. To forestall dangerous stresses 
from uneven settlement, the reinforced concrete structure is divided 
into sectors (compensation blocks) by means of settling joints which 
start at the very foundation (Fig. 87, b). Such settling joints also 
function as shrinkage-temperature joints. 

Details of compensation joints are presented in Chapters XIII and 
XIV. 




CHAPTER IX 

HORIZONTAL SLAB CONSTRUCTION 

Reinforced concrete floor construction (horizontal slabs) is the most 
prevalent of all floor structures used in dwelling, and civic and in- 
dustrial buildings. As far as structural layout is concerned, present 
types of reinforced concrete floors can be divided into two main 
groups: ribbed and flat-slab construction. 

in ribbed construction, the girders — or girders and beams — act to- 
gether with the slabs, or panels, that they support, whereas flat slabs 
gre supported neither by beams nor girders but rest directly on the 
columns, around which the slab is thickened to form a drop panel (or 
capital). 

Either in-situ or precast methods are applicable to both groups, 
but the structural layout will be different. 


Sec. 26. HORIZONTAL RIBBED CONSTRUCTION 
A. PRECAST ONE-WAY RIBBED FLCWRS 
1. Choosing the Structural Layout 

Precast one-way ribbed floors consist of panels and their supporting 
members, known as girders 6r main beams (Fig. 88,a). The girders 
bear upon either columns or walls and may run longitudinally 
(i.e., lengthwise with the building), or laterally (Fig. 88,6). Thegirders 
and the columns collectively make up the frame of the building. 
The floor structure may be divided into two or three lateral spans in 
apartment houses and civic buildings, and up to five or six lateral 
spans in industrial buildings. The division of longitudinal spans will 
depend upon column spacing and the given length of the building. 
As already stated in Chapter VIII, dimensions of column spacing (the 
grid) are established on the basis of the Standard System of Modules. 

Choosing (or arranging) the structural layout of any floor construc- 
tion consi.sts in determining the direction of girders and the dimen- 
sions of the grid, all of which fixes the spans of girders and panels. The 
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following factors must be borne in mind when choosing the struc- 
tural layout of the floor: 

1. The building’s intended use (whether jadustrial, civic, or dwell- 
ing), its plan and architectural composition, and its technical re- 
quirements(machinery arrangement, width of building, live loads,etc.). 

2. The general structural layout. If skeletal rigidity is to be attained 
laterally through a rigid joint frame, the girders are laid lateral- 
ly and the panels longitudinally. But if a longitudinal frame system is 
planned (primarily to satisfy the layout of partitions in apartment 
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Fig. 88. Precast rubbed-floor constrtiction 


houses and civic buildings), then the girders are placed longitudinal- 
ly and the panels laterally, a corresponding grid being determined 
in each case. 

3. Technico-economic evaluation factors. There must be a minimum 
of both size ranges of members and volume of reinforced concrete 
expended on the floor as a whole, while at the same time members 
must be made as large as can be handled by lifting equipment and 
transport facilities. 

The total amount of concrete and steel in a reinforced concrete 
floor is the sum of materials entering the panels, girders and columns. 
But the lion’s share — about 65% of the whole — goes into the panels, 
which means that the design evaluation factors of the latter acquire 
the greatest importance. 
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2. Design of Floor Panels 

Economy in panel design is achieved through structural lightness 
of hollow or ribbed panels. Let us consider the panels illustrated 
in Fig. 89, c, which are subject to bending as a beam and whose 
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Fig. 89. Structural floor panels 

ends rest upon girders. Their cross-section indicates that compression 
forces are borne by the concrete-compression zone, and tensile stresses 
by the reinforcement f (Fig. 89,6). Idle concrete, except for that 
in the vertical ribs, is absent in the tension zone. The width of the 
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ribs is computed to satisfy diagonal plaqe resistance and to accommo- 
date the welded blocks of bars. The flange, in the compression zone of 
the cross-section also takes local (perpejidicular) bending stresses 
occurring in the span between the ribs. If a flat ceiling is required, 
the lower flange is retained in the tension zone, thus forming an en- 
closed hollow space. Such hollows (cavities) may be either oval (Fig, 
89, c) or round in section, depending on the type of cavity-forming 
cores on hand. 

The general principles underlying the design of panels, no matter 
what their type of cross-section, are; exclusion of a maximum amount 
of concrete from the tension zone, with the exception of vertical ribs; 
assurance of diagonal -plane resistance; keeping within the technolo- 
gical possibilities of the panel manufacturer. 

Panel types are classified according to their cross-sections into oval - 
and round-cavity panels, upper- and lower -rib panels, and solid pan- 
els. Cross-sections as taken from panel standards are illustrated in 
Fig. 90. and technico-economic evaluation factors are given in Table 
19. 

The least flange thickness of oval-cavity panels is 25-30 mm and 
the minimum rib width is 30-35 mm. 

Solid panels are cast in two-ply concrete, the lower ply (or layer) 
enclosing the effective bars and consisting of heavy concrete, while 
the upper ply is made of lightweight, grade 150 concrete. 

Floor panels are made in multiples of 200 mm with nominal widths 
and lengths up to 3.6 and 6.4 m, respectively. Structural dimensions 
are 10 mm less than nominal widths and 20-30 mm less than nominal 
lengths. For apartment houses and civic buildings, structural lengths 
are made 140 mm less than nominal dimensions of 4.8, 6.0, and 6.4 m, 
to accommodate the passage of ventilation ducts through 
floors. 

Economy of a panel may be judged by the reduced denomination 
of its thickness, a figure obtained as the result of dividing panel 
volume by projected area. 

Given a specified load of 600-700 kg/m’, the panel that contains 
the least concrete is the oval -cavity type, its reduced denomination 
of thickness being 8.4 cm as compared with 12 cm for round-cavity 
sections. 

Of all types of panels, the one requiring the least amount of con- 
crete is the upper -rib panel, its reduced denomination of thickness 
being 8 cm. However, the absence of a compression-zone flange 
weakens the arm of its internal resisting couple and renders it less 
economical in the matter of reinforcement. Another thing to keep 
in mind is that since the cost of floor construction includes the price 
of the flooring, its price is somewhat heightened because the upper 
ribs make it necessary to lay an underfloor. 

In industrial buildings, where the floors carry heavy live loads 
(1,()00-1,500 kg/m*), downward-rib panels are commonly employed 






30-20\ \-l20 














even though their content of concrete is not economical (their re- 
duced denomination of thickness is 12.1 cm). 

Grade 200 concrete is used in non-prestressed reinforced panels, 
and grade 300 when the steel is tensioned. 

The effective span of a panel is considered as the distance be- 
tween the centres of its supports (Fig. 91, a). When supported on the 
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Fig. 91. Effective spans and cross-sections of panels 

top of a girder 1^=1 — when the supports are the flanges of the gird- 
ers /,=/ — a — b\ when the panel rests with one end on a girder and 
the other in a brick wall the effective span is taken as from the centre 
of the wall bearing to the centre of the girder bearing. 


T 
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The dead load will be the sum ol the dead weights of the panel 
(220-230 kg^m*), the floor construction, and the partitions. Live 
loads are dictated by building codes or are computed from data giv- 
en in the technological programme if the proposed structure is to 
be a factory. A concentrated load P, such as a partition, machine, etc., 
bearing directly on one panel, will also be supported by adjacent 
panels because of the monolithic action of the entire floor con- 
struction (Fig. 91,6). Tests have shown that for the purpose of com- 
putation 0.5F may be assumed for the loaded panel and 0.25P for 
each neighbouring panel, except when the concentrated load occurs 
on the joint between two panels, in which case the load is consid- 
ered as equally divided between the two. 

The height h of the panel must not only satisfy the condition of 
resistance, but also that of rigidity (deflection). Panel deflection 

must not exceed from ^ panel’s span is about 

5 or 6 m, its height wdll be dictated mostly by deflection limits. 
A preliminary height 6 that will satisfy both resistance and rigidity 
requirements can be established by means of the formula 
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where the coefficient c will be 18-22 for cavity panels, and 30-.36 
in the case of a ribbed panel whose flange is in the compression zone. 
A greater c-value is u.sed when the reinforcement is of St-5 steel, w'hile 
a lesser c-value is taken if the grade of steel is 25r2C. 

In the case of prestressed panels, a preliminary figure for h may 
be assumed as 


Cavity and lower-rib panels are calculated just as for T-beams, 
for which purpose the panel’s actual cross-section is replaced by the 
effective cross-section of a T-beam with a similar height of h (Fig. 
91, c). The flange width 6„ of theT-beam’s effective cross-section is 
assumed as equal to the width of the panel’s flange, while the width 
of the web 6 is taken as the sum of all the panel ribs. 

For the purpose of computing resistance and rigidity, the width 
of intermediate ribs and thicknesses of flanges may be determined 
by reducing the said cavities to their rectangular equivalents having 
similar areas and moments of inertia. Moreover, the value of 
must be alike both for the equivalent and actual sections. Such rec- 
tangular equivalents may be practically computed according to 
Fig. 91, d when the panel height h is 15-25 cm and the maximum 
W'idth of the cavity is 50 cm. 


• See Sec. 11. 
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When the effective T-section has been established, b„ (effective 
width of the flange) must be corrected; if 0.1, then the maxi- 
mum flange width 

b„ = 12(n- l)A„+b, (209) 

where n — number of ribs in the panel’s cross-section, 
b — width of the flange in the effective T-section. 

h 

When ~>0.1 or if there are intermediate ribs, the absolute width 

of the ribs is entered into the computations. 

An upper-rib panel will behave just as a rectangular beam because 
its underflange lies in the tension zone and does not aid carrying 
capacity. The effective width b of the rectangular section (Fig. 91, 
will be the sum of the widths of the ribs. 

Diagonal-plane resistance is computed by assuming that h is equal 
to the absolute widths of all the ribs in the section. In computing 
local bending athwart the panel, the 
flange is assumed as a partly re- 
strained slab with a span of equal 
to the rib spacing. In lower-rib 
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f ig. 92. Structural diagram ol a ribbed 
panel when the joints have been grouted 
with concrete 



Cross ribs 



Fig. 93. Ribbed panel with cross 
ribs 


panels the slab is finally restrained by the grouting of concrete into 
the joints and thus prevents the ribs from twisting (Fig. 92). The 

ql^ 

bending moment will be 


In ribbed panels with cross ribs (Fig. 93). the bending moment 
is coi.iputed as for a slab supported on all sides and bending in two 
directions. Reinforcement of the flange is calculated according to for- 
mulae for rectangular sections and by assuming that = 100 and /i— 
When panels are of non-prestressed reinforced concrete, cracking 
in the tension zone must be taken into account when computing ri- 
gidity and deflection (see formulae in Sec. 11), in which case cavity 
panels are considered as I-sections with flanges in both the compres- 
sion and tension zones, and a ribbed panel is considered as a T-sec- 
tion whose flange lies either in the compression or tension zone. 

When panels are prestressed, rigidity and deflection calculations 
are conducted according to the formulae given in Chapter VI. 
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The reinforcement of panels consists of prefabricated (welded) 
mats and blocks (Fig. 94) made of either cojd-drawn wire or inter- 
mittently deformed bars. The lower longitudinal bars constitute the 
main effective steel; in ribbed panels they ape- placed in the ribs, 
while in cavity panels they are located both in the ribs and under- 
neath the cavities. 
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Fig. 94. Panel reinforcement 


The upper longitudinal reinforcement is placed as installation 
bars in the panels, except when there are cross ribs, when such bars 
make up the effective reinforcement of the flange. 

The upper lateral (horizontal) bars are determined by computa- 
tion since they cope with tensile forces caused by local bending ac- 
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tion athwart the panel; but if the distance between ribs is insignif* 
leant, they are placed as supplementary bars. 

Upright bars are subject to computation, but if 

Q ^ mR^bh^, 

they are considered as supplementary reinforcement. In ribbed 
and oval-cavity panels, flat prefabricated mats must be placed with- 
in all ribs, while in round-cavity panels they are installed in the 
outer ribs and in some of the intermediate ones. 
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Fig. 95. Reinforcement ol prestressed panels 


The lower lateral (horizontal) bars of cavity and lower-rib panels 
are either welded to the lower longitudinal bars of the reinforcement 
blocks, or their ends are twisted into the meshes of the block (Fig. 
94, a and b). 

The longitudinal and upright bars for the ribs are woven together 
into flat welded latticework. The ends of the effective bars in the ribs 


m 





of ribbed panels are welded to special anchorage angles that subse- 
quently bind the bars to the supports (Fig. 94, d). 

Mats and latticework are all welded together into a a single skel- 
eton, conveniently arranged for placing into. the panel formwork. 
a, Section I-I Reinforcement in the form of 


Section hi 

JO -40 mmy Grouted f'l Uing 


Steel 
insertion 
in panel 


Steel / 
insertion 
in girder 




pan-shaped mats are used at the 
bottom of solid, single- and dou- 
ble-ply, lightweight concrete 
panels. 

Hoisting loops, made of round 
St -3 mild steel are inserted and 
welded to the main reinforce- 
ment on four sides of each panel. 
In solid panels the areas around 
the lugs are strengthened by 
means of upper mesh work (or 
mats) (Fig. 94,^). 

In prestressed panels the rein- 
forcement is made either of high- 
strength wire (smooth or inter- 
mittently deformed) or of regular 
intermittently deformed bars. 

There are several ways of in- 
stalling panel reinforcement: 

1) tensioning by endless winding, 

2) linear tensioning, either on 
stands or in the form before con- 
creting, 3) tensioning within 
ducts in the hardened concrete 
(Fig. 95, a), and 4) incorporation 
of prestressed reinforced concrete 
inserts (Fig. 95, fc). 

The following technico-econom- 
ic evaluation factors will de- 
cide which of the above methods 
are chosen: expenditure of con- 
crete and bars, additional cost in 


Fig, 96 . Installation joints and bear- prestressing, as well as stock 
ing details of panels equipment and production possi- 

bilities of the panel manufacturer. 

In-situ finishing of joints for all types of panels is done by welding 
of inserted details and post grouting of concrete (Fig. 96, a), the re- 
sulting floor construction becoming a rigid horizontal diaphragm. 

When panels bear on a brick wall, they are let 120 mm into the 
latter. If they have wide oval cavities (520 mm), their upper flanges 
are cut out (to the same depth as the wall nest) to prevent their being 
crushed by the wall (Fig. 96,6). 
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3. Design of Girders 


Girders may be made either rectangular or T-shaped (with the 
flange on top or bottom). To lessen structural height in floor con- 
struction, the girder’s flange is designed at its bottom to support the 
panels. 

In designing a girder -column connection, the character and magni- 
tude of the forces within it must be taken into account as well as 
the purpose of the building. Such a joint will undergo a bending mo- 
ment and lateral stresses from the action of the load (Fig. 97, a). 
The bending moment at the support will cause tension in the upper 
part of the girder and compression in the lower half; this may be rep- 
resented in the form of a resisting couple whose value 




Fig, 97. Forces that act in a column-girder joint 


where z — the arm of the resisting couple (Fig. 96,6). The forces N 
and Q will decide which type of joint the column-girder connection 
is to have. 

The column may support the girder upon a bracket, either of rein- 
forced concrete (Fig. 98, a, b and c) or steel (Fig. 98, d and e)\ a tempo- 
rary steel shelf may also be used as a support during erection (Fig. 
98,/). In all the above cases the tensile force l-A^ will be borne by the 
steel bars, welded during installation to the steel insertion fixed in 
the upper part of the girder. Such jointing bars may be concret- 
ed into the column beforehand with their ends protruding sufficient- 
ly to make a welded connection (Fig. 98, a and e), or may be inserted 
into an already prepared hole in the column (Fig. 98, 6, d and /); 
or they may be attached to the sides of the column (Fig. 98, c). 

There are various methods of transmitting the compressive 
force — N and lateral stresses Q through the joint. In most instances 
(Fig. 98, a ioe) these forces are transferred to the column’s brackets 
by welding the latter — whether they are made of steel or of rein- 
forced concrete with steel insertions — to the steel insertions within 
the girders. In the joint shown in Fig 98, /, compression and shear 
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Fig. 95, a to f. Types of column-girder connections 

—girder insertions; 2— column insertions: 5— jointing bars; openings for jointing bars; 5— erection pins; 5— cement covering, applied 
to metal lath; 7— concrete grouted in during erection; 5 -temporary erection $helf 



Section M h) Section 2-1 C) Section 3-3 





are borne by the concrete grouted into the joint during erection. 
To do this, prismatic recesses are left in the column and in the butt 
end of the girder during their fabrication and 50 mm allowed for joint 
play. 

There are two kinds of steel brackets for columns: 1) pan-shaped 
brackets formed of steel or made of welded flat steel plate from 6 
to 8 mm thick (Fig. 98M) and 2) I-beam brackets (Fig. 98, c). Steel 
brackets should be welded to the block reinforcement of the columns 
and their vertical plates perforated to afford a good bond with the 
column’s concrete. 

Reinforced concrete brackets can take comparatively large M 
and Q forces and are employed for floor construction in industrial 
buildings and also in apartment and civic buildings, where they are 
given a desirable architectural form. 

Concealed brackets (Fig. 98, d, e and /) are mostly adopted for apart- 
ment houses and civic buildings (where the girders are laterally 
placed). 

Of the two kinds of steel brackets described above, the channel- 
shaped type is the best (Fig. 98,d). The I-beam type (Fig. 98,£*), 
which requires that the girder’s ends be cut out, weakens the ends of 
the girder. To compensate for this fault, additional mats and steel 
insertions are needed which increase expenditure of both steel and 
labour. 

Joints with concrete pins to bear the design forces — N and Q(Fig. 
98,/’) reduce steel expenditure but demand ‘extravagant care during 
erection operations in grouting a very small amount of concrete, where- 
as all the other aforementioned joints require only a protective layer 
of cement for the steel insertions, applied on a thin steel lath. 

To limit displacement during erection and fix the girder into its 
final position, either pins or steel plates between which the girder 
is placed are let out of the columns. 

Other designs of girder -column joints in addition to those given 
above, must possess not only the attribute of strength but also that 
of producibility; they should have rectilinear girder ends and a 
minimum amount of steel (see Sec. 23). 

A heavy-duty girder -column joint for industrial structures (1,000 
and more kg/m®) is shown in Fig. 98,g. In this joint the tension car- 
rying bars protruding from the girder and column are welded to semi- 
circular supporting chairs, with the butts welded within a form. 
Compression forces are handled by the concrete subsequently grouted 
into the joint clearance between the girder and column. In computing 
girders, account should be taken of the rigidity of the column as an 
element of a rigid frame. 

If the girder is freely supported on a wall but has equal spans and 
an insignificant live load (p^:s^500 kg/m®), it is computed asacontin- 
uous beam. When the spans are equal or differ not more than 20%. 
the bending moments for continuous beams may be derived from the 
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Tables in Supplement III, in which case allowances may have to be 
made for moment redistribution due to plastic deformation (see 
Sec. 20). . . 

The effective span of a girder is assumed as the distance between 
column centres; if one end of the first span begins at a wall, the effec- 
tive span w'ill be from the centre of the wall support to the centre of 
the column. 



Fig. 98, g. Form-weld of jointing bars in a column- 
girder joint 


The dead weight from panels resting on a girder may be considered 
either as a uniform or as concentrated loads. When there are more 
than four contact points of concentrated loads, load distribution will 
be uniform on the girder. The dead weight of the girder proper may 
be tentatively established by assuming that 

6-0.3 -0.4/1. 

Bending moments and shear forces in the girder may be evolved 
through the following formulae: 

a) for uniform loads 

Q==(Yg-t-fip)(; 

b) for concentrated loads 

Al=(aG+pP)/; Q^yG+6P, 
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in which a. p-tabular coefficients that give the values of M for 
dead and live loads, respectively; 
v, 6 — tabular coefficients that give the values of Q for 
dead and live loads, respectively. ... 
Girder computations of moment redistribution must be based on 
loading diagrams that confer maximum moments to the interspan 
and live loads to alternating spans, as follows (Fig. 99 a); 

1) dead loads in all spans, live loads in oddly numbered spans, 
2 dead loads in all spans, live loads in evenly numbered spans. 
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Fig. 99. Loading »and moment diagrams of girders 

The ordinates of the moments at the supports, derived from both 
the 1st and 2nd loading schemes, are measured oh at the centres oi 
the supports. Moment curves (Fig. 99.c) will then follow P^^bo as 
derived from the corresponding loads g ' 

en loading scheme) and will pass through the apex of the ord nates 
of the moments at the supports. The ordinates of the parabolas in 
tnidspan will correspondingly be 

or 

The other ordinates of the parabolas will be 0.75 M,. independent 
of whether x is equal to 1/4/ or 3/4 /. 
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That part of the curve having the greatest ordinates (shown 
hatched in Fig. 99) will be the greater-moment diagram A4. After this 
the greater-moment diagram for Q is also charted. 

If the girder is subject to concentrated loads, .the M and Q greater- 
moment diagrams will take the form shown in’ Fig. 99,6, the dead 
weight of the girder also being assumed as a concentrated load. For 
example, when the contact points of the load in the span are ‘/, dis- 
tance from the supports, the dead weight of the girder g^irjer (P®'' 
unit length of the girder) will result in a force of 

/O §Birder^ 

'Jf!irder— ‘3 • 

The effective cross-section of the girder is taken at the surface of 
the column (Fig. 99, d); here the bending moment 

(210) 


The moment is greater on that side where the span carries 
only a dead load. Hence, the value of Q entered into formula (210) 
must correspond to the load of that span. 

Girder reinforcement will consist of flat prefabricated frames 
with effective bars usually of intermittently deformed steel; 200- 
grade concrete is used. Reinforcement should satisfy the moment at 
the support before being calculated for the bending moment. 
a-<0.3, inasmuch as moment redistribution is computed on the bas- 
is of plastic pivot formation at the support (see Sec. 19). The gir- 
der’s cross-section at the support is considered as rectangular; hence, 



_^sur_ 


When the bxh dimensions of the girder have been established, 
the tension bars are computed at four computation planes: in the 
first and middle spans, and at the first intermediate and middle 
supports. 

The next step is to compute the action of shearing forces in the diag- 
onal planes and determine the diameter and spacing of upright bars. 
Here three computation diagonals are chosen: to the right and left 
of the first intermediate support, and at the free end support. 

Resistance computations at the girder -column joint (Fig. 100) 
will embrace calculations of upper bars of the joint and of the sup- 
porting bracket. 

M 

Calculating the upper bars. Design tension A^=y, in which A1 — the 

moment of the girder at the support, and z — the arm of the internal 
couple, equivalent to the distance between the centres of gravity 
of upper and lower steel insertions, or between the centres of gravity 
of the welded connections of the joint. 
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The area of the bars will be 

‘ mm^R^ • 

Calculating the support bracket. The stresses in the bracket will be 
the result of the shearing force Q and the compressive force — N 

uj 



Fig. 100. Stress diagram of a reinlorced concrete bracket (a), its 
reinforcement (6), and its stress diagram (c) 


Assuming that the transfer of forces from the girder to the bracket can 
be represented by a triangular stress diagram, the shearing force is as- 

* Actually, computation of the joint should be for compression with a 
deductioo for friction T=Qf. But until more knowledge is accumulated con- 
cerning jnint behaviour, the relieving effect of friction is ignored. 
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sumed as acting at the centre of gravity of the triangle. If / is the 
projection of the bracket, then the distance from the centre of gravity 

9 

of the triangle to the end of the bracket will be I, and the bending 
moment of the bracket 




( 211 ) 


When the design forces have been determined, the resistance of 
the bracket may be computed. 

The width of a reinforced concrete bracket is made the same as 
that of the column (Fig. 100, a and b). The projection of the bracket Z 
is commonly chosen structurally from 15 to 25 cm so as to accommo- 
date the inserted parts and the length of their weld. 

The height of a reinforced concrete bracket must meet resistance 
requirements along diagonal planes: 

Q < niRJ)h^. 

In satisfying this requirement, lateral reinforcement is considered 
as supplementary. If the height of the bracket is structurally restrict- 
ed and the above condition cannot be met with, a reduced height may 

be accepted but always under the condition that mR^Jbh^. 

In this latter case all the shearing stresses in a short bracket (/^O.Q/zJ 
will be borne by the bent-up bars whose area is computed as 

Q 




sin a ' 


( 212 ) 


Lateral reinforcement in long brackets (/ is calculated 

just as for beams. 

The longitudinal (horizontal) bars of a bracket are subject to com- 
pression, therefore their area is computed according to the compres- 
sive force N (which is assumed as acting at the centre of gravity of 
the bars) and the bending moment which causes tension in the 
bars, as follows: 

hi AM 

(213) 
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mm^Rg ' 


Assuming that y=0.9/i„, we obtain 

1 Mbr 


F.= 


s mm.R, 


N — 


0.9/j 




(213a) 


Within the range of the bracket height the stirrups of the column 
are given a closer spacing of 10-15 cm. A steel plate is welded to 
the upper bars of the bracket for the support of the girder. The cross- 
sectional area of this plate 


F ~— 

p' mR ' 
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The steel planks welded to the upper and lower bars of the girder, 
at its butt end, must have the same area fp,. The force borne by 
the weld, when round bars are welded to the plate, 

The height of the joint in cross-section is usually taken as 

^)o T ^fod’ 

Design resistance of a welded joint depending upon the type 
of electrode, ranges from 900 to 1,200 kg/cm. 

To assure reliable welded joints when the moments in the girder 
have been redistributed, \ .3N is taken as the design force in the weld- 
ed joint. 

The sum of all weld lengths in the round-bar and plate connections 
(disregarding poor weld penetration) will be 

05mi„/?„|/i,„ • (2 1 5) 

The sum of the whole weld length in the connections of two 
plates (without taking poor weld penetration into account) will be 


2/ 


^ l.^N 


(216) 


Normal stresses in the vertical plane of a steel bracket (Fig. 100, c) 
from the action of N and 



J ’ 


where F, J, and t/,, — area, moment of inertia of the cross-section, 
and the distance from the centre of gravity 
to the lower fibre, respectively. 

Shear stresses in the same plane of the .steel bracket (ignoring, as 
a reserve, the shear in the upper bars) may be taken as . The 

resultant of the stresses in the steel must satisfy the condition 

■’resiiltanl ^ 

in which R — design resistance of steel. 

Local crushing compression acting in the concrete directly beneath 
the steel bracket may be computed on the assumption that the stress 
diagram is triangular. The total amount of this crushing compres- 
sion o„ and the normal stresses in the concrete of the column 
from the load above it must not exceed the design resistance of con- 
crete in local crushing compression, i.e., 
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The usual manner of reinforcing a precast girder is with two flat 
welded frames (Fig. 101), If the load is very large, a third frame may 
be needed in midspan; this third component -must not be prolonged 
to the supports as it will then complicate the attachment of the steel 
insertions. The area of effective bars of this rdnforcement and the 
number of such latticed frames can be evolved from the bending 
moments in the computation planes at the supports and interspan. 
The bending moment ordinates M shorten with the distance from the 
said planes, with a corresponding reduction in bar area. 

Iri order to save steel, some of the longitudinal tension bars can 
be interrupted, in accordance with changes of bending moment 



Fig. 101. Reinforcement of a precast girder 


ordinates, at points extending somewhat beyond the theoretical 
limit; the length of this extension w is determined by means of for- 
mula (80). 

It must be kept in mind that at least 50% of the tension-bar area 
of the girders, as computed in accordance with the maximum inter- 
span moment, must be prolonged to the compression zone at the sup- 
ports. Furthermore, since the lower part of the butt of the girder re- 
ceives the force N as transmitted through the w'eld of the joint, the 
bars extended to the support at the bottom of the girder from the in- 
terspan must have at least 70% of the cross-sectional area of* the 
bars in the upper part of the girder’s end. Actually this is always 
provided for if the girder has been computed on the basis of redis- 
tributed moments. 

A reinforcement diagram (diagram of materials) should be charted 
to verify the steel, both for its computed strength and effective eco- 
nomy. The ordinates for this diagram are plotted as moments of 
internal forces at the given planes of the girder: 

in which — cross-sectional area of tension bars at the given plane; 
z — the arm of the internal couple. 
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Such a diagram will consist of stepped lines whose verticals will 
align with the theoretical cut-olT points of the reinforcement. Any 
over-reserve of structural safety (too much tension-bar area) will be 
revealed when the charted line swerves considerably outwards from 
the larger-mornent diagram M. On the other hand, a deficiency in 
strength will be shown where the stepped reinforcement diagram 
penetrates the larger-mornent diagram M. 


4. Sequence in Design of Precast Ribbed Slabs 

The following sequence should be adhered to in designing precast 
ribbed floor construction: 

1. Composing the structural layout. The column grid and the di- 
rection of girders (in plan) are chosen. Shapes and dimensions of 
panels are determined. 

2. .Designing the panel: 1) the design diagram and effective lengths 
of spans are decided upon; 2) all the loads are established; 3) the de- 
sign forces M and Q are ascertained; 4) design data is gathered: de- 
sign resistance of materials, service and other coefficients, etc; 5) 
the cross-sectional height of panels is computed; 6) the area of longi- 
tudinal bars is calculated in accordance with bending moments; 
7) calculations concerning shearing forces are executed; 8) the upper 
panel flange is verified for local bending resistance (perpendicular 
to the ribs); 9) panel rigidity is checked; 10) deflection is computed 
and compared with allowable values; 11) panels are checked for their 
possible behaviour during erection operation. 

3; Designing the girder: 1) the design diagram andelTective lengths 
of spans are decided upon; 2) all loads are established; 3) bending 
moments and shearing forces are calculated and the larger-monient 
diagrams M and Q are charted; 4) design data is gathered; 5) the 
height of the girder is computed; 6) the area of longitudinal bars is 
calculated for the interspan and at the supports in accordance with 
bending moments at computation planes; 7) calculations of shearing 
forces are executed at computation planes to establish diameters and 
spacing of upright bars; 8) the column-girder joint is computed, the 
cross-sectional area of steel insertions evolved, and the bearing area 
of supporting brackets computed; 9) the girders are checked for pos- 
sible behaviour during erection operations. 


B. IN-SITU RIBBED SLAB CONSTRUCTION 

1. Types 

There are two types of in-situ floors: slabs supported by beams 
on two sides (one-way slabs) and slabs supported by beams on four 
sides (two-way slabs), the latter also being known as coflfer-type floors. 
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In-situ floors are seldom used today, being adopted only in in- 
dividual cases or when a structure is to experience considerable dy- 
namic loading. 

The rectangular proportions of a given slab- establish whether it 
is to be made with one-way or two-way supports. 

When the relation of dimensions is /,; /,>2, bending will take 
place practically only along the short way, white the bending action 
along the other direction can be ignored becau'-e of its insignificance 
(Fig. 102, a). 
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Fid 102. Types of slabs 

When the relation of dimensions is : /,^2, that is, when the slab 
approaches a square, bending action will take place in two directions 
(Fig. 102,6). 

The effective reinforcement of one-way ribbed slabs is run the short 
way, while the spacing bars are placed in the long direction. Two-way 
slabs are provided with effective reinforcement in both directions. 


2, Structural Layout of a One-Way Ribbed Floor 

The elements composing a one-way ribbed floor are: the slab prop- 
er, the cross beams, and the main beams (girders) (Fig. 103,a). 
All these members form a monolithic whole. The slabs are subject 
to bending action along the spans perpendicular to the cross beams. 
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these latter being supported by the main beams with which they 
form a monolithic whole. The main beams in their turn rest upon 
the columns or walls. 

Both the cross beams and main beams act as T-sections whose 
flanges (the slabs) are in the compression zone. A negative moment 
is created at the supports of these beams, with the result that 
here the slabs are subject to tension. For this reason, the effective 
cross-section at the supports is considered a rectangle whose width b 
is that of the rib. 

The main beams may be placed either longitudinally with the 
building, or athwart it (Fig. 103,/;), with spans ranging frorn 5 to 
8 m. The cross beams are usually arranged so that the span of the main 
beam is divided into equal lengths (Fig. 104, a). The cross beams may 
have a maximum span of 5-7 m and the slab spans of 1.7 to 2.7 m. 

The minimum thickness of the slab, depending on the purpose of 
the building, is dictated by code as follows: 8 cm for construction in 
industrial buildings and 7 cm in civic buildings. For in-situ floors, 
grade 150 concrete is the usual practice, but when grade 200 is used, 
the above slab thicknesses can be reduced by 1 cm. If the live load 
is very great, a still thicker slab may be required. For example, with 
a live load of 1,000-1,500 kg/m* and a slab span of 2. 2-2. 7 m, 
the thickness will range from 9 to 10 cm, thus giving the greatest 
economy in reinforcing bars. 

The cross-sectional height of cross beams should be from 1/12 to 1/20 
that of the main beams (girders) from 1/8 to 1/15 while the 
width b of beams from 0.4 to 0.5/i. 

3. One-Way Ribbed Slabs 

Computations of the elements of one-way ribbed slabs (the slab 
proper, the cross beam, and the main beam, i.e., the girder) are con- 
ducted according to moment redistribution based on plastic defor- 
mation. 

Slabs. The effective span I of slabs is considered as the clear dis- 
tance between cross beams; if one end of the slab is supported on an 
exterior wall, the effective span will be from the centre of the wall 
support to the edge of the first rib (Fig. 104,6). 

The load per square metre on the slab will be the sum of the dead 
load g (the dead weights of the slab, flooring, etc.) and the live load p. 

For convenience in computation, a zone is assumed whose width 
6=1 m (Fig. 104, c), in which case the load allotted to 1 m* of slab 
will also denote the load for 1 linear metre and the design diagram 
of the slab will be represented as a continuous beam whose load 

Bending moments of continuous ribbed slabs that have equal 
spans, or spans with maximm 20% differences, are evolved through 
the following formulae: 
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in the first span and at the first intermediate support, 

in the intermediate spans and at intermediate supports, 

{g + p)ll 


Af=- 


16 


(217a> 


Shearing forces are usually not taken into account for slabs, since 
in most instances condition Q:^mR^bh„ is satisfied. 

The cross-se:tional area of the bars, calculated in accordance with 
the bending moments, is determined just as for a rectangular beam 
whose width b = 100 cm and height h is the thickness of the slab. Mats 
are used for the reinforcement, these usually being of welded cold- 
drawn wire. 

The cross beam. The effective span of thecross beam is considered 
as the clear distance between girders; but if one end is borne by an 
e.xterior wall, the effective span will be the distance from the wall 
support to the edge of the girder (Fig. 104,d). 

The slab transmits a uniform load to the beam, i.e., 1 m* of slab 
load multiplied by the distance between rib centres. To this must 
be added the dead weight of the rib. 

Bending moments of continuous cross beams that have equal spans, 
or spans whose maximum difference is 20%, are computed by the fol- 
lowing formulae: 

in the first span and at the first intermediate support, 


M 
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in the intermediate spans and at intermediate supports. 




is + P) 
16 " 


(218a> 


In a continuous triple-span cross beam the bending moment in 
the central span will not be less than the moment in a restrained beam: 




iS+P) ll 


24 


(218b) 


The larger -moment diagram of cross beams must be charted for two 
loading schemes: 

1) the full load g+p in oddly numbered spans, and the assumed 
live load g'=g-t — p in the evenly numbered spans; 

2) the full load g+p in the evenly numbered spans, and the as- 
sumed live load g' in the oddly numbered spans. 
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The assumed value g* is entered into the computations so as to 
allow for the relieving influence of the girder when determining the 
negative moment in the interspan of the cross, beam: the main beam 
forms an additional tie at the cross beam's supports and thus reduces 
the negative moments in insufficiently loaded Spans. 

In plotting the larger-moment Af -diagram, the moments at the 
supports and the maximum interspan moments are determined by the 
aforementioned formulae. Minimum interspan moments are plotted 
along parabolas that correspond to the load g' and pass through the 
apex of the moment ordinates at the supports (Fig. 105). The negative 



Fig. 105. Larger-moment M-d\agram for a continuous beam 

moments in the intermediate spans and the contraflexure point in 
the first span may also be taken from Table 20. 

Shearing forces are calculated as follows: 
at the free end support 


Q\=-0A(g-\-p)l^\ 

(219) 

at the first intermediate support to the left 


Qli=0.6(g+p)/„; 

(219a) 


at the first intermediate support to the right and at all other sup- 
ports 

Qg=.Qc^0.5Cg+p)/.. (2l9b) 

The reinforcement for cross beams will consist of prefabricated 
(welded) blocks in the interspans and prefabricated mats at the sup- 
ports. 

In determining cross-sections according to bending moments, 
first the final dimensions of the cross beam are evolved from the mo- 
ment at the first intermediate support. Inasmuch as the computations 
are based on moment redistribution, a:<0.3. There is a negative mo- 
ment at the support, hence here the stab will be in the tension zone, 
which requires that the beam be computed as for a rectangular shape: 
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Values for the Coefficient p in Plotting Negative-Moment Ordinates 
M=^(g + P)l\ 



Having found the final b xh diniension 3 of the cross-section, they are 
considered as valid for the whole beam lengthy after which the area 
of tension bars is computed at four computation planes: in the first 
and middle spans (assuming that they are T-sections) and at the first 
intermediate and middle supports (assuming them as rectangular 
shapes). When checking the negative moment in the middle span, 
it is done as for a rectangular shape. 

The ne.xt step is to compute the shearing forces at diagonal planes 
and find the diameters and spacing of stirrups. Three computation 
planes are chosen: at the first intermediate support to the left and 
right (QL and Q^), and at the free end support (Qa)- 

The girder. The girder takes the dead and live concentrated loads 
G and P from the cross beams, these values consisting of the load of 
one linear metre of cross beam multiplied by the distance between 
girder centres. Furthermore, just as in precast slab construction, the 
dead weight of the girder is taken into account. 

The sequence of in-situ girder computation is fully the same as 
already described for precast construction. The only special feature 
in determining its reinforcement by means of bending moments is 
that it is calculated for a positive moment in its interspan just as 
for a T-beam. 

4. The Flements of One-Way Ribbed Slab Floors 

The design of the elements of a floor will be considered in the al- 
ready stated sequence. 

The slab proper. Multi -span ribbed one-way slabs are reinforced 
with roll-type mats whose effective bars (maximum diameter 5.5 mm) 
are laid longitudinally; the rolls of mats are unrolled over the form- 
work, athwart the cross beams (Fig. 106, o). 

The bending moments in a continuous slab provoke tension at the 
bottom of the slab in the interspans and at the top of the slab where 
it rests on the supports; therefore the mat is bent up as it is rolled 
over the supports, with the bent-up portion starting 0.25 I from the 
beam centre. 

Insofar as the bending moment shows that more bars are required 
in the first span and over the first support than in the middle spans 
and over the middle supports, an additional mat is placed in the first 
span and over the first support and carried beyond the latter to a dis- 
tance of 0.25 / (Fig. 106,6). However, straight-hooked individual bars 
may be used instead of this additional mat and then connected to 
the main mat. The above roll-system of reinforcement is classified as 
uninterrupted. 

When stronger reinforcement is required (6 mm or more) for contin- 
uous slabs, individual mat rectangles are rolled out, with effective 
bars running laterally (Fig. 106,c) at the bottom of the slabs (the en- 
tire iriterspan) and others over the supports, the latter (with a width 

^18 



of 0.5/) being placed symmetrically over the cross beams. With long 
slab spans and great thicknesses (9- 10 cm) an economy of reinforce- 
ment is achieved at the supports by using two overlapping mats, 
each with a width of 0.4/ (Fig. 106, d). If the end support is conclud- 
ed with a rib (in one piece with the slab), then a supplementary 
mat is placed over it, 0.15 /, measured from the beam centre. 

o) 



Fig. 106. Ribbed-slab reinforcement 

Cross beams. The reinforcement placed in the interspans of cro.ss 
beams will consist of flat latticework (frames), usually two of them, 
which, before being placed into the forms, are spliced into a block 
by means of lateral (horizontal) bars. One flat frame is sufficient if 
the rib is light and narrow. 

Such cross-beam frames must reach the edges of the girders (Fig. 
107). Mats with laterally laid effective bars are placed at the sup- 
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porting end of the cross beams. This is attained by rolling a mat, or 
placing flat mats, on top of the whole girder length. The effective 
area of tension bars at cross-beam supports isconsidered as the en- 
tire area of all effective steel of the aforementioned mats included be- 
tween the centres of adjacent slab spans. 

At column sides, mats overlying beam supports are interrupt- 
ed and in their stead additional bars, or fractions of mats, are placed; 
the total area of this steel must be equal to that of the effective 
bars of the mats falling within thecolumns’ widths. At end bearings, 
.supplementary mats are superimposed over cross-beam supports. 



\iu*l50 


^2 bars d'» % (2, 

(not Less than tOmm) 


Section H 


ErtecUve bars of mat Additional bars 



To .save steel when cross-beam spans are very long, two overlapping 
tension mats may be used over the supports. 

Mats over supports are interrupted in accordance with the negative- 

moment diagram. If the live- and dead-load ratio the cut- 

off point of tension steel at the supports will be as follows; 50% of 
the bar area is cut off at a distance of 'jj from the centre of the sup- 
port, and 75% at a distance of */,/ from the same centre; interrup- 
tion of the remaining 25% is then dictated by the negative moments 
in the interspan. 

Biocks in the interspans of adjacent cross beams must be tied to- 
gether at the bottoms of supports by means of jointing reinforcement 
let through the girders, the diameter d of such jointing rods being 

^^d,, whered, is the diameter of effective bars in the cross beams 
i(but not less than 10 mmj. 
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The girder. Two or three flat frames (latticework), composing the 
reinforcement of a girder (Fig. 108), are tied together into a block 
prior to placement into the forms. Two of the frames are extended to 
the column s face, while the third (if there is such a one) is cut off 
according to the larger-value diagram. Such an interruption is also 
realised by cutting off separate bars in the frames. The support of 
the girder must be reinforced with two separate frames let through 
the reinforcing block of the column. The bars at the supports may 



also be in the form of mats, already described for cross beams. In 
the latter case, the support-reinforcement is placed on both sides of 
the column, with its overall width not more than ‘/, of the distance 
between girders. 

Cross beams may develop fissures in their tension z.one at the sup- 
ports and the concentrated load will then be transmitted to the gir- 
der through the compression zone of the cross beam, i.e., at mid- 
height of the girder (Fig. 109). This makes it necessary to install ad- 
ditional mats to receive the local concentrated load P (Fig. 108). 
The area of the upright bars, including the vertical bars of the addi- 
tional mats, is computed by the formula 

17 

lat 


'mm .Rf * 
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The dimension of the zone within which, the upright bars will bear 
the concentrated load, is computed by the formula 

s=2/i|-t— 3b. 
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load is transmitted 
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Fig. 109. Sketch indicating the transmission of 
a concentrated load to a girder 

The cut-ofi line of the reinforcement frames (or of individual bars) 
is determined by plotting a diagram of materials. 


5. Sequence in Computing Ribbed In-Situ Floors with 
One-Way Slabs 

The following sequence should be observed in computing ribbed 
in-situ floors with one-way slabs: 

1. Composing the structural layout of the floor. The column grid 
is determined (unless it is definitely stipulated beforehand), as well 
as the direction and spacing of girders and cross beams. 

2. Computing the slab: 1) the design diagram is determined, as 
well as the spans and thickness of the slab; 2) all the loads are estab- 
lished; 3) bending moments are computed; 4) design data is gathered: 
design resistance of materials, service and other coefficients, etc; 
5) prefabricated mats are computed for computation planes at all 
supports and interspans, in accordance with bending moments. 

3. Computing cross beams: 1) the design diagram and span di- 
mensions are determined: 2) the loads g, p, and g' are ascertained; 
3) bending moments and shearing forces are determined, as well as 
possible negative moments in the interspans; 4) design data is gath- 
ered; 5) the cross-sections of cross beams are determined; 6) the areas 
of effective bars are computed for the prefabricated reinforcing 
frames in the interspans and the prefabricated mats at the supports; 
7) computations of shearing forces are carried out to evolve diame- 
ters and spacing of upright bars in all computation planes. 

4. Girder computation: 1) design diagrams and span dimensions 
are established; 2) all loads are ascertained; 3) bending moments and 
shearing forces are determined and the larger -value diagrams M 
and Q are plotted; 4) design data is gathered; 5) the cross-section of 



the girder is determined; 6) areas of effective bars are computed for 
prefabricated reinforcing blocks in the interspans and at the supports 
in accordance with bending moments; 7) computation of shearing 
forces are carried out to evolve diameters and spacing of bars incom- 
putation planes; 8) calculations are executed to determine the upright 
bars in thfe additional mats needed at the jointing of cross beams. 


6. Composing the Structural Layout of Ribbed 
Floors with Two-Way Slabs 


The elements entering into this type of construction are: multi- 
span slabs supported along their entire perimeters and subject to 
two-way bending (/, : /,^2 are the dimension ratios of their sides), 
and girders placed in two perpendicular directions (Fig. 110, a). 
The spans of girders in this typeof slab construction range from 4 to 
6 m. In large rooms of civic buildings where there are no interme- 
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Fill. ^10. Ribbed floors with two-way slabs 


biate columns, use is mad^ of closely spaced perpendicularly dis- 
posed beams of equal height and with spans up to 2 ni, to form coffer- 
type slabs. 

The thickness of slabs, depending on spans and loads, will be 
from 8 to 14 cm, but only 6-7 cm for spans up to 2 m. 

Slabs are reinforced with effective bars placed in two directions; 
Tests carried out on slabs reinforced with rectangularly or diago- 
nally placed bars (Fig. Ill, a and fc) have shown that in either case 
failure occurs at approximately the same ultimate load. However, 
the rectangular type of bar placement is simpler in practice and is 
therefore adopted for two-way slabs. 

The character of failure of uniformly loaded two-way slabs is 
illustrated in Fig. Ill, c andc/; the cracks on the bottom of the slab 
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bisect all corners, while those on the top run parallel with the sides 
and are rounded at the corners.lt is very important for carrying- 
capacity computations and reinforcement design to thus establish 
the character of failure in two-way reinforc,ed concrete slabs. 



Fig. 111. Schematic layouts of two-way slab reinforcement, and types of 

failure 


7. Computing and Designing of Slabs 

Just as in one-way slabs, two-way slabs are also reinforced with 
prefabricated mats. If the spans are more than 2.5 m, the mats are 
placed separately in the interspan and at the supports; either a flat 
prefabricated mat or welded pieces of the roll-type, are placed on 
the bottom of the interspan, while mats with lateral effective bars 
are rolled along the beams at the supports. 

The bending moment decreases towards the supports, where bar 
area is correspondingly reduced. To savesteel, two mats can be placed 
one upon the other at the bottom of the slab, one prolonged to 
the supports and the other confined to midspan (Fig. 112, a). With a 

freely supported slab, of the bar area is assigned to 

each of the two above mats. 

Roll-type mats are used when slab spans are less than 2.5 m. 
Mats in which the longitudinal effective bars are 5.5. mm in diame- 
ter are rolled across the shorter span of the two-way slab, just as 
shown in Fig. 106, a for one-way slab reinforcement. Mats with lat- 
eral bars for resisting the long-span moment at the supports are 
then rolled on top of the slab and over the beams lying parallel to 
the latter -mentioned rolling operation. The width of the above mats 
1s taken as ‘/, of the lesser span of the slab. 

There will be a greater bending moment in the slab of the first 
span than in the others; hence, here another mat is rolled over the 
main one. When the free support lies perpendicular to the way the 
main mats are being rolled, additional mats are laid down just as 
in one-way slabs (Fig. 106, b). But if the direction of the free sup- 
port coincides with that of the rolling operation, then the addition- 
al mats are placed over the main one along the entire first strip, as 
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shown in Fig. 112, b. When both the main and additional mats have 
been rolled, additional bars running perpendicular to the effective 
bars of the additional mats are placed in the corner panels of the 
slab. These bars are to be extended from the first span through the 
first intermediate support and beyond that to a point equal to 
'1^ of the smaller span (Fig. 112, c). After this another mat, extend- 
ed from the first span, is rolled over the support and on top of 
the bars. 




If lateral effective bars are required in the roll mats, separate 
mats are used just as in one-way slabs and the mats are rolled in 
two directions, perpendicular to each other. 

Computations of two-way slabs are conducted by the Ultimate 
Equilibrium Method of Professor A. A. Gvozdyev, in which the slab 
is considered as a train of members linked to each other at the 
planes of fracture of the plastic pivots created in the interspan and 
at the supports (Fig. 113, a). The values of the bending moments in 


8 —2867 
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the slab will depend upon the areas of bars intersected by plastic 
pivots. Bending moments of uniformly distributed continuous two- 
way slabs are evolved from the following equations, depending upon 
the type of reinforcement: 



Fig. 113. Computing a two-way slab 


when the reinforcement consists of flat prefabricated mats and 

is p) ' 

(3/. - /,) - h (2A1 . + Mr\- M ,) + 

( 221 ) 

Ditto and when = 

(3/, (2/V1,+M,+M:) + 

+ (221a) 

When the reinforcement consists of roll-type mats with longi- 
tudinally placed effective bars 

(3/. - (2M.+M,-hM;) + 

— M,+M„-1-M;,). (221b) 
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When the reinforcement consists of roll-type mats with lateral- 
ly placed effective bars 

■/,)=/, (2M,-fM,+M:)+/,(2AI.-!-M„ + M;,). (221c) 

The design moments per unit width of cross-section are entered 
into the right halves of equations (221)-('221c), i.e., two interspan 
moments M, and and four moments at the supports M,, M\, 
M^^, Af'i ('Fig. 113, b). By making use of definite correlations 
between design moments within the limits shown in Table 21, the 
whole problem is brought down to solving one unknown Af,. 

Tabic 21 


\llowable Limits in Correlations Between Design Moments" in Two-Way Slabs 




M, 

M, 

and ^ 

and 



Af. 

M, 

M, 

Al, M, 


1-1.5 

0.2-1 

1.3-2. 5 

1.3-2. 5 


1.5-2 

0.15-0.5 

1-2 

0.2-0.75 


The eHective spans and are assumed as the clear distance 
between beams, or, with a free end support, the distance from the 
centre of the wall support to the edge of the beani. 

If the slab has one or several free supports, then the corresponding 
moments at the supports in equations (221)-(221c) are assuiiied 
as being equal to zero. 

Areas of bars are found according to formulae and tables (hat 
apply to rectangular sections. Slab thicknesses are first computed on 
the basis of required rigidity, as follows: not less than /, when 
the support is elastic, and not less than with a free support; 
when light concretes are Used, the corresponding minimum ratios 
will be /^, and Z^, in which represents the lesser span of the 
slab. Effective bars placed along the lesser span are installed beneath 
those running along the greater span. For this reason the effective 
height of the slab in each direction will differ by a value equal to 
the diameter of the bars. 


8. Computation and Design of Beams 

A continuous floor beam is one supported by walls and columns 
(Fig. 114, a). The load from the slab is transmitted to it either by 
the principle of the triangle or that of the trapezoid. 


8 * 
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B~1( 2 pieces) 
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Fig. 114. Design diagrams and rein orcement delineations for beams 
supporting two-way slabs 


To determine the amount of the load, the bisectrices of the panel 
(in plan) are extended to their intersections, and the corresponding 
triangles (or trapezoids) will give the loads needed for beam com- 
putation (Fig. 1 14, b). Multiplication of the load g 4- p (per m*) by 
the involved floor area will give the total load from both sides of the 
span of the beam: 
if the span is 

p (g + P)^?. 

‘<t— 2 ’ 

if the span is 
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In a freely supported beam the corresponding bending moments 
from such a loading will be 




(g + p) 
12 


( 222 ) 


M.= 


24 


(222a) 


Moreover, account must be taken of the uniform load q of the 
beam itself and part of the floor carrying the live load, as determined 
by a loaded strip with a width b. 

Continuous beams are computed on the basis of moment re- 
distribution caused by plastic deformation. The respective moments 
will be: 

in the first span and at the first intermediate support 


in the intermediate spans and at the intermediate supports 

M=0.5/M„ + -ff . 

In the above. is obtained through formulae (222) and {222a). 

The effective spans of the beams will be equal to the clear dis- 
tance between columns, or between the centre of the wall support (if 
it is a free support) to the edge of the first column. To simplify cal- 
culations, the effective span of beams is assumed as equal to the 
clear slab span between ribs (which gives a slightly exaggerated 
beam span). In a triple-span beam the moment in the central span 
must be taken as not less than that in a restrained beam; 

yW=-0.4A4, + ^J. 

Negative moments in the interspans are obtained by plotting a 
diagram that corresponds to the dead loads in all the spans and the 
live loads in every other span, with the curve passing through the 
apexes of the ordinates of “design moments at the supports. 

Shearing forces in continuous beams are determined by the lol- 
lowing formulae: 

QA=Q.5{R+ql)-^, 

Qb= 0.5 (i? + (7/)-| — j- , 

Qu=Qc =0.5 (/?+(//), 

in which Mb is the bending moment at the first intermediate support. 

The sequence in determining cross-sections of beams and the 
principles of their reinforcement are the same as for girders of one- 


229 



way ribbed slabs. Since the support reinforcement of perpendicular 
beams meet a the column, the spacing bars of the support rein- 
forcement are interrupted here (Fig. 114, c) and additional connecting 
bars placed during erection. 

A simplified method is used to compute Coffer-slab beams that 
are supported on walls without intermediate columns (Fig. 115, a) 
and whose spans are /, and Given a and b as the respective dis- 
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Fig. 115, Investigation of beams in 
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tance between beams in both directions, the bending moments for 
the beams in the centre of the slab will be 


M. 




and M,=- 




where q^ and are parts of the load q per m* transmitted in each 
direction, respectively, i.e., 

q = q, + q,. (223) 

The amounts of the loads q^ and q^ are based on the assumption 
that deflection will be alike for two perpendicular bands of the slab 
as represented by one and the same point (Fig. 115, 6). 

Deflection in mid-span of a band whose width is represented as 1 
will be as follows: 

' ~384^£y, ~384^£y, • 

Inasmuch as with equal heights of beams the moments of iner- 
tia J^ and J, of the bands in each direction of the slab will be equal 
to each other, then 

qjl^qjl (224) 
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The mutual solution of equations (223) and (224) gives 

/* i* 

q,—q-T ^ r and q. = q— * . . 

Deflection and bending moments of beams at the margins of the 
system will be less than the above. Deflection in a freely supported 
beam at any plane situated at a distance x from the support 

/=^(a-2a‘+a*)/„ = ^/„. 

where is the deflection of the same beam in mid-span; 


By assuming that a tentative value of the moment of the periph- 
ery beam situated at a distance x from the slab’s margin will be 
proportional to its deflection, we find that 

and 

where 

k, (a, — 2a*+aj) ; = y*- ; 

■J 1 2 

^2 - " (“i — 2aJ +a?) ; a, =- . 

This approach to the solution is also valid when no beam aligns 
with either of the axes of the floor in plan. 


Sec. 27. AN EXAMPLE IN THE DESIGN OF A PRECAST FLOOR 

(Illustrative problem 19) 

Design a precast ribbed lloor for an 18X36 rn room in a civic building 
where the architectural design dictates a 6X6 m column grid. Exterior walls 
are to be 51 cm thick of pre-laid brick blocks. Flooring will be of tiling and 
the specified live load equal to 400 kg/m^, with a load coefficient n=;1.4. 
Ultimate weight of any precast member is established as 3 t, which is the lift- 
ing capacity of the building crane on the site. 

1. Structural diagram of the floor. The longitudinal walls of the building 
arc to have wide windows, on whose spandrels it is not advisable to rest floor 
panels or beams, hence the girders are to run laterally and the panels longitud- 
inally (Fig. 116). Panel dimensions are established from the aforementioned 
dictated structural weights: cavity panels weigh 250 kg/m*, therefore a 3-ton 

3 000 

panel 6 metres long will have a width of 7 — 2 m. 

^ 250 X 6 

Hence, each panel, 200 cm wide, will have five oval cavities, each one 

335 mm wide. In order to achieve only one size of panel width, lateral grid 

spacing is to be centred from interior wall surfaces. 

2. Panels. The panels will rest on the tops of the girders. To’ establish the 

panel’s effective span, a tentative girder cross-section is assumed as /i=:‘/,qX 
X 600 = 60 cm, and ^=20 cm. Then the effective span of the 

0 2 

panels /o = 6 ^ = 5.9 m. The design diagram of the panel will be denoted 

as a uniformly loaded single-span beam. 
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Ascertaining loads 

»cifled dead load per m* of the slab: 

.Dead weight of the panels 250 kg/m* 

Xement bed beneath tile flooring . . 0.025X2,200 = 55 kg/m* 

Tile flooring 35 kg/m* 


Total 340 kg/m* 

Design dead load 340 X 1.1=374 kg/m* 

Design live load 400 X 14 — 560 


Full design load 935 kg/m* 

Design load on 1 linear metre of the panels, 2m wide: 

= 2 X 935 = 1,870 kg/1 incar m. 

Specified load per linear metre of panel for computation of deflection: 

Constant load g® = 2X340—680 kg/linear rn 

Momentary load .... />® = 2 X 400 = 800 , 

= 1,480 kg/linear rn 


2) Design forces 


0 = kg. 


3) Gaiherirm design data. Service coefficient of the panel m=l.l. Grade 
200-B concretf, be — 190 kg/cm*; /?^ = 6.4 kg/cm■^ specified modulus of elas- 
ticity E\ =290,000 kg/cin*. 

Bars: prefabricated frames (latticework) with St -5 intermittently deformed 
effective bars, /?, = 2,400 kg/cm*, my=l; lateral and spacing bars of round 
St-3 steel, /?s = 2,100 kg/cm*, m^ — \\ Wj|, = 0.8. mats of cold-drawn wire 
d^5.5 mm, /?s = 4,500 kg/cm*, ms = 0.65. 

Coefficient of rigidity reduction due to constant loading of cavity-type 
anels H = 2; coefficient allowance for good rigidity of cavity-type panels = 1.2; 
•axinium panel deflection 1/200 /. 

4) Tentative height of panel cross-section 


From formula (208) 
h — 22 


XX 590 '-'X 1 X2 .400 680X2 + 80 0 _ 

' 2.1X10' ^ 1,480 — .JJ.4 cm. 


' /\ ' 


Assume that ft = 24 cm, ftp = 21 cm, thickness of upper and lower flanges, 
2.5 cm each. Absolute width of ribs 6 = 200 — 5X33.5=32 cm. 

The transformed cross-section of rectangular cavities will be 


0.95ftj = 0.95 X 19 = 18 cm; 0.956^ = 0.95X33.5 = 32 cm. 

The width of the rib of the design T-section 6 = 200 — 5 X 32 = 40 cm; 
width of flange 6f, = 200 cm; thickness of compression flange ftf| =2.5 
-|-(19— 18) = 3.5 cm; thickness of tension flange = 2.5 cm. 

5) Deriving longitudinal bar area by means of the bending moment. 
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The relationship of ^ 


: 0.145 >0.1; therefore the entire width of 
the flange (ftji == 200 cm) is entered into the computations; 

_ 820,000 _ 

1.1 X 100 X 200X21* ’ 

from Table 10: a = 0.9, Yo = 0.96; jt = 0.09 X 21 = 1.9 cm</ifi = 3.5 cm; 
^ _ 820,000 . 

1.1 X 1 X 2,400X0.96X21 — ’ 

which is satisfied by 60I8 D(fg= 15.27 cm*) ( — 0.9%). 

6 . Resistance to shear at diagonal planes 

mR^bh^—\A X 6.4 X 32 X 21 = 4.700 < Q = 5,500 kg; 
hence, stirrups are required. 

The required value 

p,5oo y 

A block with 18 mm effective bars on only one face is chosen for each rib 
(6 in all); according to Tabic 4,6 mm must be the minimum diameter of the 
stirrups, the structural spacing of which m = 20 cm. Then, 

0.8X1X2,100X6X0.5 1- 

= — ’ 26 " — =250 >30.5 kgylmear cm. 

7) Computing deflection of the upper flange perpendicular to the ribs 
The span 0.335 m, and the bending moment 

935 X 0.335* , 

yVi = = 9.6 kg/rn. 




/i^= 1.2 cm. 
960 


1.1 X loox lOOX 1-2* 


- = 0.06. 


From Table 10 ^<, = 0.97; then 




960 


; = 0.26 cm* 


l.l X0.t5X 4.500 X 0.97 X 1-2 

which is satisfied by a mat of bars d = 3 mm, spaced 250 mm (Fg = 0.29 cm*). 
8) Computing panel rigidittf 

15.27 


2 . 100.000 

290,000 ■“ ■ 

a = 3 X 0.0182 X 7.25 = 0.4; 


40X21 


= 0.0182) 


(200 - 40)_3j 

r V r* I • 


40X21 

_ (200 -40) 2.5 
V’ = — 40X^ = ”-^®- 
From Table 13 q = 0.92; f=0.65. 

The bending moment from the specified load 

_ 1.480 X 500 kg/m, 

O 

Stresses in the bars 

6.50,000 


,67j 


0.91 X 21 X 15.27 
'2Si 


: 2,200 kg/cm‘, 



From Table 12 t|) = 0.fl8, and the rigidity 

,2.1 X 10* 


0.88 

white with a constant load 

/?— 12.6X 10’ 

9) Panel deflection 


0.65 X 15.27 X 21’ = 12.6 X 10’ kg/cm’; 
1,480 


680 X 2 + 800 


= 8.6 X 10’ kg/cm’. 


5 X 14.8X590’ _ 1 
'■~384 X8-6X 10*“218 ^ ' 


10) Checking panel behaviour during erection handling 

Four hoisting loops (eyes) made of round St -3 steel are inserted at 
a distance of 0.7 m from the panel ends. Considering a dynamic- load coefficient 
of 1.5 (from the panel’s dead weight), then 

^7 = 1 .5 X I • 1 X 250 X 2 = 825 kg/Iincar m. 


0 7* 

The negative moment of the overhang M = S2b—^ — 2Q7 kg/m. 

This negative moment is borne by the longitudinal spacing bars of the 
reinforcement blocks, while the upper horizontal mats function as temporary 
spacing steel. 

Assuming that 'Yo=:i=0.9, the required bar area 


20,700 


2,100 X 0*9X21 


: 0.52 cm^, 


which is less than the actual area of the embedded steel, the latter being 
606 ( F \ = 1.68 cnF) . 

If the panel should be raised by means of only two loops, then the force 
on one loop 

/v = -^-X-^= 2,475 kg. 


and the force N will be taken by only one leg of this loop, which means that 


2,475 
1 X 2,100 


1.18 cm^, 


which is satisfied bya rod, d=r2 mrii, whose area (of one leg) / 5= 1. 13 cm* (—4%), 
The working drawing of the panel is shown in Fig. 116. 


3. Girder Computation 

The girder consists of a triple-span continuous member with its ends 
freely supported by walls and its load uniformly received from the slab panels. 
The central span m between column centres; the end span, from the 

0 25 

centre of the wall support to the centre of the column, = 6 — ^ = 6.13 111 . 
The difference in span dimensions is 2®/^ < 20*'/,^. 

1) Determining the load per linear metre of girder 
Specified dead loads: 

from slab panels and flooring 340X6 = 2,040 kg/linear m 

from dead weight of girder 0.2X0.6X2,500 = 300 kg/Unear m 

= 5 = 2,350 kg/lineai m 
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worst combination 7,800+12,700= 2,350+9,100= —9,550—14,500 



Loading scheme under consideration 




Dead design load g = 2,350 X 1.1=2,600 kg/linear m 

Specified live load ps =400 X 6 = 2,400 , 

Live design load p = 2,400 X 1-4 = 3,360 . 

Full design load <7 = 2,600 + 3,360 = 5,960 . 


2) Computing bending moments and shearing forces 

Bending moments and shearing forces are determined according to data 
given in Supplement II. Bending moments for various loading schemes may be 
established through Table 22. 

The girder is calculated on the basis of moment redistribution due to 
plastic deformation. The equalising design moment-diagrams correspond to the 
lines M of loading schemes 1, 2 and 1, 3 and give the greatest interspan 
moments. The equalised design moment at the support 


in which case 


M — 9,550 - 6,200 = — 15,750 kg/m, 


M 

/W» 


-15,750 
'—24 ,'050 


0.66 


:0.7. 


Shearing forces for design loading schemes: 
for Schemes 1 and 2 

=(0.4X2,600 + 0.45X3,360)6.13= 15,600 kg; 
qJj = — (0.6 X 2.600 + 0.55 X 3.360) 6.13 = — 2 1.000 kg; 

Qg = 0.5 X 2.600 X 6 = 7,800 kg; 

for Schemes I and 3 

= (0.4 X 2.600 - 0.05 X 3.360) 6. 13 = 5,300 kg; 

Q^ = — (0.6 X 2,600 + 0.05 X 3.360)6.13 = — 10,700 kg; 

Qg = (0.5 X 2.600 + 0.5 X 3,360) 6= 17.900 kg. 

Assuming that /t(.(,|=40 cm. the moment at the edge of the column (sup- 
port moment) 

= - 15,750 + 7,800 ^ - 14,200 kg/m. 

3) Gathering working data. 

Service coefficient m=l.I. 

Concrete: grade 200-B; R^q=\00 kg/cm^ 


/?t=:6.4 kg/cm*; /?pr = 80 kg/crn*. 

Bars: prefabricated blocks with intermittently deformed St-5 effective steel, 
7^5 = 2,400 kg/crn*, mj = l; upright and spacing bars of round St-3 steel, /?s = 
-2,100 kg/cm*, mj=l, m^, =0.8. 

4) Determining girder height. 

Cross-sectional height is determined through the moment at the support, 
considering that a = 0.3 (inasmuch as plastic deformation enters the calcula- 
tions) and assuming that The width 6 = 20 cm: 

, ^ _/ 1,42 0,000 

/'o— 2 y 1.1 X20X 100 

0 = 5 cm. /t=51+5 = 56 cm. which is therefore fixed as 60 cm and in which 
case ft. =55 cm. 
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5) Computing longitudinal bar area through bending moments. 
The area in the first span 




2,050,000 


1.1 X 100 X20X55* 

2,050,000 


= 0.31; Yo = 0-85; 


1.1 X 1 X 2.400 X 0.85 X 55 


= 16.6 cm*, 


which is satisfied by 2020 D -|- 2025 D (Fg = 16.1 cm*, or 3®/o less than re- 
quired), prefabricated (welded) into 2 flat blocks. 

The area in the central span 




1,145.000 

1.1X 100 X 20 X 55* ’ Yo— -y* 

1.145.000 

= 0.0 cm*. 


1.1 X 1 X2.400X0.9X 55 


which is satisfied by 2020 D 4-2014 D (Fs = 9.36 cm*, or 6.5 °/q more than re- 
quired), also prefabricated into two blocks. 

The area to gratify the negative moment 


^0 

Fs 


370,000 


1.1 X 100X20X55 

370,000 


l.l X 1 X 2,400 X 0.97 X 55 


= 0.055; Yo — 0.97; 

= 2,6 cm*. 


which is satisfied by supplementary steel. 2018 D (Fs = 5,03 cm*). 
The area at the support 


. 1,420,000 --OQQ. 

— 1 1 V / 1 i\t\ V ✓ nA N. ✓ — 0.214, Yo — 0.88, 


1.1 X 100X20Xi 
1,420,000 


1.1 X1X2,400 X0-88X55 


= 11.2 cm*. 


which is satisfied by 2020 0 4*2018 0 (Fs = 11.37 cm*, or 1.5®/,, in excess of 
the computed area), prefabricated into two blocks. 


6) Shearing forces at the diagonal planes. 

At the left side of the first intermediate support, mR^bhQ=\.\x^Ax20x 
x55=«7,800 kg<Q{^=21 ,000 kg; hence computations show that upright bars 
arc required; therefore 


^.st = 


^ 21,Q00 y 

076x100x20x55* 


— 101 kg/linear cm. 


With a unilateral placement of 25 mm effective bars in the frame, the 
upright bars must be 8 mm in diameter in accordance with Table 4 (area 
/,i=0.5 cm*). 

Spacing of upright bars 

0.8x 1 x2, 100x2x0. 5 


101 

l.l xO. I X 100x20x55* 

' ” 2,100 

M=y=30 cm. 


= 16.6 cm; 


=32 cm; 
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The spacing taken for the upright bars at the support «=15 cm. 

At a distance of one metre from the support, Q=21,000 — 1 x5,960= 

= 15,040 kg, therefore the required spacing 

“ ■ V 15,040 ) 

in which case it is fixed at m== 30 cm. 

At the last support =15.600 kg 7,800 kg, which indicates 

that here also upright bars are required, and 




(i^oy 

0.6x100x20x55" 


=55 kg/linear cm. 


When the upright-bar spacing u=30 cm. the required bar area 


/ St' — 


30x55 


0.8x1x2,100x2 


=0.40 cm". 


Actually, fst=0.5 cm">0.49 cm". 

The protrusion of the 25 mm effective bars beyond thv^ face of the sup- 
port. when the concrete is grade 200 and the bars are intermittently-de- 
formed, /pro= 10x2.5=25 cm, which is satisfactory. 

At the right side of the first intermediate support Q^=17.900 kg, and 




^ 17 900 y 
0.6xl00x20x^ 


72 kg/ linear cm. 


With a unilateral placement of 20 rnm effective bars in the reinforcement 
frame, the upright bars must be 8 mm in diameter in accordance with ruble 4 
(area /st=0.5 cm"). 

Spacing of upright bars 


0.8x1x2,100x2x0.5 


72 


-=23.3 


1.1x0.1x100x20x55" _ . 
“= 17 900 

^0 on 

M=— =30 cm 


cm. 

cm; 


the final spacing being established as w=25 cm 23.3 cm. 

7) T^e column- girder joint, , 

A reinforced concrete bracket on the column is proposed as a support 
for the girder. The vertical distance between the centres of gravity ol the 
steel insertions 

2=60 — 7=53 cm. 

Tensile forces 


+ fV= 


14 200 
0.53 


=26,800 kg. 


Area of the upper bars placed in the column 


26.800 


1.1X1X2,400 


= 10.2 cm*. 


which is satisfied by 2025 D (/='g=9.82 cm", which is 3.7% less than re- 
quired). 
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To weld these bars, 
from formula (215) it 


a weld j oint 
is found that 


is assumed as = mm; 


1.3 x 26.800 


-=49 cm. 


0.85x1x0.6x1,400 
Each of two bars is fixed by a double-sided weld, therefore 


/. = - 1 ?-- 
2x2" 


e=12.3 cm, which, if possible poor weld penetration be aflowed for, is in- 
creased to /jo=13.3^14 cm. The protrusion of the bars, with an allowance 
for joint space between the column and girder, will be 14-|-1.5^16 cm. 

The overhang (projection) of the bracket is fixed structurally as 20 cm, 
and the width, both of column and bracket, 6=30 cm. 

The height of the supporting bracket 


'‘<•= 1.1 


21.000 


-=38 cm; 


^ 100x30 

6=38 -f- 3.5=41.5 cm. The final 6=45 cm, in which case 6^=41. 5 cm. 

Since the bracket's overhang /=20<0.9x 41 ,5=37,5 cm, the bracket falls 
into the short category. When a=45®, the required area of inclined bars 

„ 21.000 


®“"2X 1.1X0.8X1X2,400X0.71 

which is satisfied by 2022 D (F^ = 7.6 cm*). 

The bending moment in the bracket 


=7 cm* 


0.2X21 .000=^2,800 kg/m. 

Area of longitudinal horizontal bars in the bracket, 
1 .... ... 280.000 


1.1x2,400 


(26,800 ■ 


0.9X41.5 

which is satisfied by 2022 D (fs=7.6 cm*) 

Area of bearing plate of St-3 steel 

^ 26,800 


=7.3 cm* 


P‘ 1.1x2.100" 


= 11.6 cm*. 


The connecting plate, welded to the butt end of the girder’s longitudinal 
bara, must have the same area as the above plate. 

The welded joint for fixing the girder’s connecting plate lo the bearing 
plate, when 6jQ=12 mm, must have a total length 

1.3x26,800 




^^'“ 0. 7x1x1. 2x1.400' 


=29.5 cm. 


The length of each of the two welded joints, with an addition for pos- 
sible poor penetration, 

I 29.5 , , _ 

/jo=— 2 — [- 1 ^ cm. 


For structural reasons the thickness of the bearing plate is taken as 

12 

■j-gs=8 mm, in which case its cross-sectional area 

fp,=0.8x20=16>11.6 cm*. 

Fig. 117 shows the working drawing of the girder. 
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8) Behaviour of girder during erection handling. 

Checking the middle span against a possible negative moment after the weld- 
ing of the steel insertions at the supports have created girder continuity and 
the slab panels have been placed only on the end spans of the girder. 

Design load in the end spans will be, 
dead weight of girder 

0.2x0.6x2,500x1.1=330 kg/linear m; 

ditto, slab panels 

250x6x1.1 = 1,650 kg/linear m; 

live load during erection, including a load coefficient of 1.3 and a low- 
ered coefficient of 0.9 in case of additional load combinations 
100x1.3x0.9x6=700 kg/linear rn. 

Total'. 2,680 kg/linear m 
Design load in the central span: 
dead weight of girder 330 kg/ linear m. 

Negative moment in the central span 

M=(— 0.05 X 2.680 + 0.075x330) 6* = — • 3,900 kgfm. 


The upper bars in the girder’s central span are 2018 D cm*)j 


.09 ^1x2,400 
20x55^ 100 


Yo=0.95; 


yM<.s=l. 1x1x2.400x 5.09 x 0.95 x 55=700, 000 kg/cm=7.000 kg/ni>3,900 kg/m. 


Sec. 27a. ALTERNATE DESIGN: AN IN-SITU FLOOR 

1. Structural Layout of the Floor. The lateral orientation of girders 
(Fig. 117a) is chosen on the same basis as for the precast floor. The cross 
beams are centered at the columns and at the third’s of girder spans. Slab 

6 0 

spans /slab are between rib centres and are equal to m. This 2-metre 

centering is repeated for the slab at the walls, whose grid centering is meas- 
ured from the walls’ interior surfaces. 

6 

The dimensional proportions of the slabs in plan = — = 3>2, hence 

we are dealing with a ribbed slab. 

2. Slab Design: 1) Design diagram of the slab. 

The continuous ribbed slab is composed of nine spans. A 5-span diagram 
is to be used for the computations. A tentative cross-section of the cross 
beams will be: 1/15x600 =‘40 cm; b=18 cm. In the intermediate spans 

of the slab /o = 2.00 — 0.18 = 1.82 m; in the first span, if the depth of the 

bearing is taken as 12 cm, /^ = 2.0 — 0.2 + 5^ — — ~=1.77 m. Slab thick- 
ness will be considered as 7 cm. 

2) The loads. 


Load per 1 m* of floor! 

Specified dead load: 

Dead weight of slab, 0.07x2,500 175 kg/m* 

Cement layer beneath tiling 0.025x2,220 55 „ 

Tile flooring 35 


Total: 265 kg/m* 


241 



Design dead load g= 265 x 1,1 =290 kg/m® 
Design live load p = 400 X 1.4 = 560 „ 

Ful 1 design load qz=g-^^ d .-= 850 


Assuming the design width of a strip of slab 6=1.0 m, then the load 
per linear metre q = ^0 kg/ linear m. 

3) Computing bending moments. 

In the first span and at the first intermediate support 


M = 


850x 1.77^ 
11 


= 245 kg/m 


In the intermediate spans and at the intermediate supports 


M = 


850x1.82* 

16 


= 177 kg/m. 


4) Gathering design data. 

Concrete of grade 150- A, kg/cm*. Reinforcement of prefabricat- 

ed ^5.6 mm cold-drawn wire mats, /?g = 4,500 kg/cm®, mg = 0.65 m. 

For the intermediate spans /n=l.25; for the first span /n=1.0 since 

^^ = 3>2 and there are no beams bordering the slab. 


5) Determining the area oj longitudinal bars by means of bending moments. 

In the intermediate spans and at the intermediate supports 
when h = 7 cm and hQ = 5.7 cm, 


A.= 


17,700 




1,25x85x100x5.7® 
17.700 


1.25x0.65x4,500x0.97x5.7 


-, = 0.051; yz=0.97; 

= 0.88 cm*, 


which is satisfied by roll-type mats, grade 4-15/3, 2,300 mm in vvidth, having 
longitudinal effective bars whose total area Fg = 2. 14 cm*>0.88x2.3 = 2.02 cm*. 

The slabs of the intermediate spans at the end of the room have no beams 
around their border and here m = 1.0; therefore 

Fg = 1,25x0.88= 1.1 cm*, 


which is satisfied by grade 5-20/4 mats, 2,300 mm in width (Fg = 2.55 cm*> 
>1.1x2.3 = 2.53 cm*). 

In the first span and at the first intermediate support 




24.500 


Y = 0.95; 


P 24,500 

*”" 1X0.65X4,500X0.95X5.7 


1.56 cm®, 


which is satisfied by grade 4-15/3 main mats and grade 4-20/3 additional 
mats, 2,300 mm in width (Fg = 2.14 + 1.64 = 3.78>1.56x2.3 = 3.58 cm*). 

3. Design of Cross Beams: 1) Design diagram. The cross beam forms 6 con- 
tinuous spans. A 5-span diagram is to be used for the computations. A tenta- 
tive cross-section of the girder will be: /i = 1/10x600 = 60 cm; 6 = 25 cm. 

In the middle span /« = 6.0 — 0.25 = 5.75 m; in the first span, if the depth 

0.25 0.25 

of the wall bearing is taken as 25 cm, /o = 6.0 — 0.2 ^^ = 5.8 m. 
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2) The loads 


Specified dead load: 

Slab and flooring, 265x2 530 kg/linear m 

Dead weight of cross beam, 

O.lSx (0.40 - 0.07)2.500 150 „ „ 


Total: 680 kg/ linear m 

Design dead load g = 680xl.l 750 kg linear m 

Design live load p = 400x1.4x2 1,120 „ 


Full design load q=g-\-p= 1.870 kg/iinear ni 


3) Bending moments and shearing forces. 

Bending moments; 

in tlie first span and at the first intermediate support 




1.870x5.8" 

11 


5,700 kg/m 


in tlie intermediate spans and at the intermediate supports 




1,870x5.75" 


= 3,900 kg/m. 


In accordance with Table 22, when — 1.5, the negative moments 

g (o\) 

-n the planes of the middle span are: 


— 0.041 X 1 ,870x 5.75" = — 2,550 kg/m, 

4^3 = — 0.014X 1 ,870x5.75" = — 870 kg rn. 

— 0.008 X 1 ,870 X 5.75" = — 500 kg/m, 

/W 5 = -- 0.024x1.870x5.75"=— 1.480 kg/m. 

In the first span the distance a from the support B to the point of contra- 
flexure is equal to 0.228/, = 0.228x5.8 = 1.32 m. 

Lateral forces: 

Qa = 0.4x 1.870x5.8^4,300 kg; 
q“ =0.6x1,870 x 5.8 = 6,500 kg; 

Qi|i“=rsv»'' =0.5 X 1.870x5.75 = 5,400 kg. 


4) Gathering design data. Grade 150-A concrete, kg/cm", 

--5.8 kg/cm". 

Reinforcement: in the interspans, prefabricated blocks with effective bars 
of intermittently deformed St-5 steel, /?s = 2,400 kg/cm", mg = 1.0; stirrups 
and spacing bars in the blocks will be of round Sl-3 bars. /?s = 2,100 kg/cm", 
ms = 1.0, -0.8; at the supports, prefabricated mats of ^5.5 mm cold-drawn 

wire, /?g = 4,500 kg/cm", ms=0.65. Service coefficient w=1.0. 

5) Computing beam height. The support moment at the first intermediate 
support will be considered as a = 0.3 (with due consideration for plastic de- 
formation) and, assuming that 6 = 18 cm, then 


/ij, — 36.5 cm. 


570,000 

lX85>a8 


= 38.7 cm. 


in which case h is fixed as 40 cm and 


6) Determining the area o[ longitudinal bars in accordance with btnding 
moments. 
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The cross-section in the first span behaves as ^ T-beam: 

= ^ = 0. 1 75>0. 1 ; 

ft 4U 

he full width ^interspan = 200 cm and enters the calculations: 

570,000 


1x85x200x36.5* 


= 0.025; 


Yo= 0.99; a = 0.025; x = 0.025x36.5 = 0.9 cm <7 cm; 


570,000 


= 6.55 cm*, 


® 1x1x2,400 x 0.99 x 36.5 

which is satisfied by 2020 D (Fs = 6.28 cm*, or 4% less than calculated) to 
be contained in two flat blocks. 

The cross-section in the intermediate spans is considered the same as for 
the first span: 

„ 390,000 ^ , - 

® 1x1x2,400x0.99x36.5 * 

which is satisfied by 2018 D (^5 = 5.09 cm*, or 13% more than calculated) 
to be contained in two flat blocks. 

The behaviour of the cross-section when effected by a negative moment 
is that of a rectangular shape because its flange is in the tension zone. In the 
cross-section situated 0,4/ from the left support Mj = 870 kg/m; 

, 87,000 


1x85x88x36.5* 

87,000 


lx 1X2,100X0.98X36.5 


0.043; Yo = 0*^8; 
= 1.16 cm*. 


for which 2010 spacing bars have already been provided (fs=1.57cm*> 
>1.16 cm*). 

The cross-section at the intermediate support behaves as a rectangular 
shape: 

570.000 


^«= iX85xW = °-=^^^ V. = 0.83; 


F.= 


570,000 


1x0.65x4,500x0.83x36.5 


= 6.43 cm*. 


6.43 


= 3.22 cm* are required for each mat when two overlapping mats are 

used. Required bar area per linear metre of mat width (and 2-metre beam 
3.22 

spacing) will be -^ = 1.61 cm*. This is satisfied by a roll-type mat, grade 

4/5.5-15, whose lateral bars are also elective (/^j=:1.58 cm*, which is 2% 
less than calculated). 

The cross-section at the middle supports is considered the same as at the 
first intermediate support; 

^ 390,000 ^ 

1x85x18 x 36.5* Yo — 0-89; 




390,000 


= 4.1 cm*. 


4.1 


1x0.65x4.500x0.89x36.5 

= 2.05 cm* are required for each mat when two overlapping mats are 
used at the support. Required bar area per linear m ol mat width (and 2>metre 
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=1.03 cm*, which is satisfied by the roll-type mat, 
bars are also effective (f 9 = 0.98 cm*, which 


. V 1, u 2.05 
beam spacing) will be 

grade 4/5-20, whose lateral 
is 5% less than calculated). 

7) Computation of diagonal planes to resist shearing forces. 

At the first intermediate support to the left 

1x5.8x18 x 36.5 = 3.800 kg; 

= 6,500 kg> mRibh^^: 3, SOO kg; this means that upright bars are re- 
quire^; 

6,500* , ... 

According to Table 4. with a unilateral placement of 20 mm effective 
bars, an 8 mm diameter is required for the upright bars (/g^=0.5 cm*). 
Deriving the spacing of upright bars; 

0.8x1x2,100x2x0.5 ^ 

u = = 48 cm; 


35 

0.1x85x18x36.5* 


= 31 cm; 


upright bars are 


“ 6,500 

w -^^= 1 = 20 cm. 

20 cm is chosen as the final spacing of upright bars. 

At \he end support 

4,300 kg>m/?t^/io = 3,800 kg. This means that 
required; 

4.300* 

‘?^>'-= 0.6x85xl8x3 6:y ’^^/Imear cm. 

By establishing the spacing u of upright bars as 20 cm, their area 
, 20x15.2 

^*‘~0.8xlx2.100X2~‘ • 

When the concrete is grade 150 and the ba^rs are of intermittently deformed 
steel, the required protrusion (In) of the 20 mm elTective reinforcement beyond 
the edge of the support will be 15 X 2.0 = 30 cm. Since the depth of the bear- 
ing is 25 cm, the above protrusion cannot be carried out, instead of which it 
will be necessary to increase by 50^/^ the calculated area of the upright bars: 

/st =1.5 X 0.09 = 0.135 cm*; actually, provisions have been made fora 
diameter’ of 8 mm. i.e., /s^ = 0.5 cm* >0.135 cm*. 

At the first intermediate support to the right 

* 5 400* 

‘2b ‘•’”’’ = 5.400 kg; ?-st 0.6 X 85 ' >< ~ 1 8 X ~ 36.5» ^Sinnear cm. 

According to Table 4, with a unilateral placement of 18 mm elTective bars 
a 6 mm diameter is required for the upright bars (f^^ = 0.2S cm*). 

Deriving the spacing of upright bars: 

0.8 X 1 X2,100X2X0.28 
u = 24"2 — 


0.1 X 85 X 18 X 36.-5* 
5,400 

u=^ = 20. 


= 37 cm; 


and a final spacing u = 20 is chosen for the upright bars. Fig. 117a illustrate? 
the construction of the slab and beams. 
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See. 28. FLAT-SLAB FLOORS 
1 . The Structural Layout 

The in-situ flat-slab floor is supported directly on the columns on 
a widened area known as the capital (Fig. 118, a). 

The capital serves the following structural purposes; 

1^ sufficient rigidity is provided in the slab-to-column connec- 
tion; 

2) resistance of the slab to shear is assured; 

3^ the effective span of the slab is reduced; furthermore, a better 
distribution of moments is effected along the slab width. 



fig. 118 . A flat-slab llooi 


This type, in comparison with the ribbed slab, decreases the over- 
all thickness of floor construction so that with a given clear ceiling 
height, the height of a multi-storey building is reduced and an econ- 
omy of wall materials achieved. Moreover, the resulting flat ceiling 
simplifies formwork when concrete is poured in-situ. and improves 
interior ventilation and illumination. 

Flat slabs are more economical than the ribbed type in the car- 
rying of large live loads — 1,000 kg/m* and more — and are almost 
always chosen for such structures as multi-storey warehouses, re- 
frigerating plants, etc. 
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Either square or rectangular column grids are employed with 
flat slabs; for rectangular grids the span is limited within a ran{;e 

of -^<1.5, but the most rational is the square grid with 6y6m 

as the usual column spacing. The edge of the slab may rest directly on 
outer walls or on marginal beams therein. It is also possible to have a 
slab overhang that projects beyond the outer line of columns (Fig. 
118,6). 

Three types of capitals are at the designer’s dispo.sal (Fig. 118,c): 
Type I for light loads, and Types 11 and III for heavy loads. All three 
have thesamedimensions 
between the intersections 
of the bevels with the 
lower surface of the 
slab, c = (0.2-0.3)/, 
because the load from 
the slab is borne down- 
ward through the con- 
crete at an angle of 45° 

Dimensions and out- 
lines of the capital must 
be computed against 
shearing stresses in the 
slab. The diagram shown 
in Fig. 119 will serve 
for checking the given 
dimensions of a capital 
to atisfy the aforementioned condition. The limiting curve that 
corresponds to the quantity 

. _350A! 

< 7 * 

and in which — grade of concrete in kg/cni*, 
and q^— full specified load in kg/m*, 
must be entirely contained within the outline of the capital as plot- 
ted on the diagram in accordance with the coordinates shown in the 
lower right side of the figure. 

The thickness of the slab is selected on the basis of sufficient rigid- 
ity, that is, 

6 = from ^ to 

where is the dimension of the larger span if the column grid is 
rectangular. 

If the slab is of lightweight concrete, the thickness of the slab 
A=froml to 1/,. 



Fig. //9. Diagram for the computation of cap- 
itals in flat-slab construction 
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The character of failure of a flat slab, when the load is uniformly 
distributed, is shown in Fig. 120; on the underside of the slab the 
cracks run parallel with, and halfway between, the columns, whereas 



the upper side is cracked along column centres with diagonal cracks 
near the corners. Such an analysis of failure is needed for correct com- 
putations of carrying capacity and placement of supplementary rein- 
forcement. 


2. Computation of Fiat Slabs 

Flat-slab computations have been perfected through tests carried 
out in laboratories both in this country and in the United States. 
The reactions at column supports are based on triangular load 
distribution, while the effective span is considered as the distance be- 
tween the centres of gravity of the said triangles (Fig. 121, a): 


With a free support on the wall, the effective span of the first 
panel 


‘o ‘ 1 ' 2 ’ 


in which a represents the depth of the bearing in the wall (Fig. 1 18,6). 

The full load q—g+p must be calculated for both directions of 
the spans /, and without consideration of the unfavourable live 
load. The load per linear metre ql^ and the beam moment of the slab 
panel is determined by assuming the panel as a beam with a span of 

m 



and a width equal to the distance between column centres in a 
perpendicular direction: 



Fig. 121. Design and bending-moment diagrams for 
a flat slab 


By considering that is the full load of the panel, we de- 

rive 

M,-0.125P/, (l — (225) 


249 





The beam momeni of the panel for its span will be 

M,-O.I25P/.(l — (225a) 

On the other hand, if the column grid is square, 

M„=0.125P/ (l-g.)*. (225b) 

For determining the moments in the computation planes and ar- 
riving at a proper reinforcement design, the plan of the flat slab is 
divided into over -column strips and interspan strips whose widths 
are equal to half the distance between column centres in each direc- 
tion (Fig. 121,6). Positive and negative moments will occur in 
each strip, with a larger moment in the over-column strip than in 
the interspan strip. Within the bounds of the width of the strips the 
changes in bending moments will follow a curved line; but for practi- 
cal calculations a stepped diagram is adopted with the steps align- 
ing with the borders of the strips on the assumption that the 
moments are equally distributed along the width of each strip. 

Since there is a possibility of moment redistribution as an 
effect of plastic deformation, the moments at four computation planes 
are selected so that their sum is equal to the beam moment Al„. 
The following distributions of moments are adopted for the inter- 
mediate panel of a flat slab; 

the negative moment at the supports 

in the over-column strip M,~0.5 

the positive moment of the interspan 

in the over-column strip . . . .Mj=0.2 M, 

the negative moment at the supports 

of the interspan strip . .M,=0.15 

the positive moment of the interspan 
in the interspan strip . . Af,=0.15 At, 

" Total: M,-FA1,+A1,+M^=A1, 

The restraining effect of either the outer columns or the margi- 
nal beam in the outer walls must be taken into account in the final 
redistribution of moments along the spans/, and within the bounds 
of the entire flat slab (Fig. 122,a). 

The design moment in the first span of the slab is evolved through 
a corresponding moment of the interspan by multiplying it by a 
coefficient given in Table 23. 

The coefficients a, p, and y are determined in accordance with the 
diagram given in Fig. 122, 6 and will depend upon the ratio between 
the sum of linear rigidity of the upper and lower columns and the 
linear rigidity of the slab (acting as a main beam), that is, will de- 
pend upon the ratio 

^Hppcr "F Slower /"flipper 

fglab \f upper 
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tig, 122, Investigation of a flat slab 

a— distribution of bending moments throughout the slab; diagram of the coeff! 
dents a, 3 and Y for determining moments in the first span oi the slab 







Table 23 


Moments 

. 

Strips 

Over -column ■ 

Interspan 

Negative moment at the first inter- 

mediate support 

Positive moment in the first span . . . 
Negative moment at the marginal 
support 


M, = aM, 

M, = 

Mmare ^ 


The moment of inertia of the slab (main beam) will be equal to 

/ 

•'slab - (2 

The moment of inertia of the column is considered uniform along 
its whole height and equal to the moment of inertia of the column’s 
concrete cross-section beyond the bounds of the capital. 

The bending moments for a one-metre strip adjacent to the wall 
will be 

M;=0.5M,-, M,=0.5/W,; M',=0.8M,\ 

In the above formulae the moments M,, M,. M,, and are 
also taken for a one-metre width of the strip. 

Bar area for each computation plane is evolved from correspond- 
ing design moments through the formula 

P _ 0.7M 0.8M 

in which 0.7 is an empirical coefficient based upon the bracing effect 
of the construction as a whole and other factors that reduce the bend- 
ing moment, and y, is considered as approximately equal to 0.9. 

The effective height of the slab’s cross-section in relation to the 
first and second layer of bars will differ by the value of bar diameters, 
but practically this height may be considered unchanged and equal 
to h.= h — d — 1.5 cm. Above the columns, the effective height of 
the slab is assumed as follows: equal to the effective height of the 
slab for Type I capital; and /z,= 1.5/i— d— 1.5 cm for Type II or III. 

The height of marginal beams running around the outside of the 
flat slab must be at least 2.5/i. The flat slab is assumed to transmit 
its load to these beams along a triangle or trapezium just as in a two- 
way (coffer-type) slab. 
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3. Designing a Horizontal Flat Slab 

Just as in continuous-slab construction, the reinforcement for a 
flat slab is arranged in separate strips over the columns and in the 
interspans in accordance with the bending moments and with the 
use of either welded roll-type or flat mats (Figs. 123, a and 123,6). 


Ot^er-column width 



Tnterspan width 



The matting serving reciprocally perpendicular spans must be con- 
nected together. The mats over the supports are interrupted at (he 
columns, and the capitals are provided with auxiliary reinforcement 
(Fig. 123,c). 


4. Precast Flat Slabs 

The precast flat slab (Fig. 124) is composed of three elements: 
1) the capital, which is made either separately or cast in one piece 
with the column, 2) the over -column panel, and 3) the interspan 
panel. To reduce dead weights, panels are made either with cavities 
or with ribs. The entire dead weight of elements included in a 6 x6 m 
column grid should not be more than 5 tons. 

Over -column panels will behave as a beam the span of which 
is the distance between capitals. To provide continuity of over- 
column panels their upper ends and the upper part of the capitals 
are furnished with inserted steel parts which are welded together 


253 







in-situ. The floor panel is supported at its four sides by the over* 
column panels (which latter are provided with shelves for this pur- 
pose) and bends in two directions just as a two-way slab. 




Fig. 124. A precast flat slab 

a — interior view; 6 — plan; c — detail of capital 


The precast type of flat slab bears only an outer resemblance to 
its cast-in-place counterpart, inasmuch as it differs in its static be- 
haviour from the latter. 





CHAPTER X 

DESIGN OF ROOF GIRDERS, TRUSSES. AND ARCHES 
Sec. 29. GENERAL REMARKS 

The principal bearing members entering the construction of a 
roof consist of various kinds of girders, trusses, and arches. In a 
girder the web is a solid system, while in a truss it is an open frame- 
work. Alt of the above spanning units are, as a rule, made of prestressed 
reinforced concrete. 

The usual spacing of girders, trusses, and arches is 6 or 12 metres. 
They carry all the roof members, which bear upon them via steel 
plates fixed to their tops. In subsequent erection, either giant panels 
or purlins are welded to these steel plates. The upper chord of trusses 
and the upper flange of girders are built with a pitch of 1|12 in accord- 
ance with atmospheric precipitation ryn-off requirements for the 
roll-type of roofing. 

The ends of standard girders and trusses are made 800 mm high 
to assure interchangeability and connection standardisation. 

Sec. 30. GIRDERS 

Girders are built with either a single or double pitch, depending 
upon the roof profile, and with spans of 18 m and over (Fig. 125). 
Economy in concrete is achieved by adopting I- or T-shapes, with 
the thickness of web reduced to a minimum (from 6 to 8 cm). The 
main requirements of such reduced thicknesses are the disposition 
of the bars and resistance to both diagonal tension and crack formation. 

The girder is widened at its ends by the addition of rigidity ribs 
to strengthen it against vertical reactions and horizontal thrust at 
the columns. 

Concrete of 400- to 500-grades are used for prestressed girders. 

For practical considerations (stability during transportation and 
erection), the width of the upper flange must be 1/40-1)50 of the 
length. As a rule, such a width is also sufficient as a bearing for roof 
members. The width of the lower flange is made from 20 to 25 cm to 
accommodate the tendons. 
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The height h of single-pitch girders (or the height in the middle 
of the span if it is double-pitch) is taken as 1]10-1/15 /. 

Reinforcement classifications of girders differentiate them as 
those tensioned between abutments prior to concreting (pretension- 
ing), and those tensioned against the hardened concrete (post ten- 
sioning). 



Lower costs and reduced labour expenditure are attained when 
tensioning is done between abutments in verticai linear-type stands, 
for which reason this method is accepted as the standard in mass 
production. 

The tendons of such beams may be of high-strength wire or of grade 
30Xr2C hot-rolled intermittently deformed bars. 

The reinforcement of webs is composed of one or two welded 
frames whose upright bars provide resistance along diagonal planes. 
The girder’s upper flange is reinforced in a similar manner. 

When the tensioned tendons are released against the concrete, 
the girder’s upper zone may be subject to tension with the appear- 
ance of hair-line fissures. Tests have shown that these fissures close 
when the girder receives its sei'vice load and carryingcapacity remains 
uneffected. 

Still, to limit such fissures in a member containing a great num- 
ber of tendons (when service loads are very large) it is supplied with 
additional tendons on the level of the upper edge of the ends of the 
girder (Fig. 126); the resultant of the forces of the tendons will then 
be brought closer to the girder’s axis, and when the tendons are re- 
leased against the concrete the bending moment responsible for ten- 
sion in the upper zone will be minimised. 

Fig 127, a presents a standard prestressed girder containing bar 
and wire reinforcement. The high-strength reinforcing wire is dis- 
posed in paired horizontal groups for convenience in pouring the conr 
Crete. 


9 —2867 
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Another example of a girder with bars tensioned between abut- 
ments is one with endless reinforcement; here high-strength wire ten- 
dons are wound against pegs protruding from. the tray, a method 
which makes it possible to compress the concrete both longitudinally 
and laterally and thus considerably heighten fissure resistance. 

When tensioning the tendons on a revolving table the length of 
the beam cannot exceed 9 m. A 12 or 18 m girder must therefore be 
made up of two elements connected (welded) in mid-span, which is a 

drawback in such a mem- 
ber, a component of which 
is shown in Fig. 127,6. To 
simplify winding of the 
wire for this girder, its bear- 
ing end is strengthened 
with laterally placed pre- 
stressed reinforced concrete 
insertions. 

In case of tensioning against the hardened concrete, the girder 
can be fabricated of separate blocks, each 3 m in length (Fig. 127, c) 
with tensioning operation accomplished in the final stage of assembly. 
Ducts for the tendons are left in the lower flange of each block and 
also in the web of the end blocks. During assembly, quick hardening 
mortar is grouted into the 10-15 mm joints between the blocks, 
while the upper flange is converted into an integral system by means of 
welded steel plates. When the grout has hardened, the tendons, 
either of bunched wire or of bars, arestretched with the aid of jacks, 
anchored, and either cement paste or mortar injected into the ducts. 

The above method has its shortcomings: it requires much labour, 
and the final assembly and tensioning operations on the site become 
rather complicated. Neither is this block-assembly method rational 
when fabrication is done in a factory, for then there are facilities for 
one-piece manufacture of the girder and its subsequent transpor- 
tation to the site. 

Roof girders with ordinary reinforcement (Fig. 127, cO are eco- 
nomical only for spans of 6 to 9 m, and are made in T-shapes with 10 
cm webs and with vertical ribs at their ends. The effective bars in 
their tension zone are of bunched intermittently deformed bars 
placed directly one upon the other and arc -welded together at inter- 
vals of 1-1.5 m. Some of the bars are cut off in the interspan in 
accordance with the moment diagram, while the rest are continued to 
the supports and anchored by means of short lengths of welded angles. 
The web is reinforced with prefabricated mats doubled about the 
tension bars. 

Apart from the usual cladding loads, all types of roof girders may 
be subject to loads from suspended cranes (usually in pairs of 3 tons 
each), in which case the amount of reinforcement may increase by 
20-30%. 


2 



Fig. 126. Scheme showing the disposition of 
tendons in a double-pitch girder 
/—the main tendons; ^—additional tendons 
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Fig. 127c. A girder made up of blocks tensioned against the hardened concrete 



Inserted steel parts for fastening of purlins and decking 



fig 127d. An ordinary reinforced concrete T-girder 



Section 2 '2 





From 7 to 8 tons is the weight of an 18 m reinforced concrete 
girder, and from 11 to 12 tons when the span is 24 m. 

Table 24 presents technico-economic evaluation factors for roof 
girders with spans of 12-24 metres, spaced 6 m apart. 

Table 24 


Comparative Technico-Economic Evaluation Factors for Precast Two-Pitch Roof 
Girders and Trusses Having 12-30 m Spans, 6 m Spacing and Design Loads 

from Roof of 350-550 kg/m* 


Girder, truss 
(span) 

Dead 

Concrete 

grade 

Expenditure of materials 

weight 
in tons 

Concrete 
in cu m 

Steel in kg 

Prestressed girder with 





bar tendons: 





12 m 

4.1 

400 

1 .65 

127-153 

15 m 

5.5 -5.9 

400 

2.2 -2.35 

219-301 

18 m 

7.1 -7.5 

400 

2.84-2.98 

341-474 

24 m 

Prestressed girder with 

11. 7-12 

400-500 

4.67-4.78 

604-884 

wire tendons: 





12 m 

4.1 

400 

1.65 

87-108 

15 m 

5.5 -5.9 

400 

2.2 -2.35 

145-210 

18 m 

7.1 -7.7 

400 

2.84-3.07 

230-358 

24 in 

Prestressed how truss 
wdtli hunched wire 

11.7-12 

400-500 

4.G7-4.78 

396-564 

tendons; 





18 m 

4.3 -4.8 

300 

1.72-1.9 

338-433 

24 m 

8.8-10 

300-400 

3.5 -4 

621-689 

30 m 

Prestressed arch truss 
with hunched wire 

15.2-17 

300-400 

6.08-6.8 

1 .041-1,219 

tendons: 





18 m 

5.2- 5.9 

300-400 

2.07-2.36 

313-395 

24 rn 

9.2-10 

400 

3.68-4 

564-732 

30 ni 

14 -15.8 

400 

5.6 -6.32 

920-1,281 


The table indicates that the least expenditure of steel is 
achieved in girders with high-strength wire reinforcement, which gives 
an economy of approximately 35% in comparison to bar tendons. 

Bending moments and shearing forces are computed just as for 
a freely supported beam. The roof loads are transniitted to the gird- 
er via the panel ribs, i.e., in the form of frequently spaced concen- 
trated loads. When such concentrated points are more than four in 
number, the load may be considered as uniformly distributed. If 
the roof has a monitor, or if there is a crane suspended from beneath, 
either are considered as additional concentrated loads. 

To determine the area of effective bars by means of bending mo- 
ments, several planes are selected along the length of the girder. In a 
uniformly loaded two-pitch girder, the design cross-section will be 
found at a distance of 0.3-0. 4/ from the supports. But if there is a 
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monitor on the roof, the design cross-section may occur directly 
beneath the monitor’s posts. 

Upright bars are determined by resistance computations of several 
diagonal planes near the supports. Computations- of fissure resistance 
(or widths of fissures, depending on the type of structure) and beam 
deflection are also required. 


Sec. 31. TRUSSES 

Truss outlines are chosen in accordance with the kind of roof giv- 
en, positions and types of monitors, and the general layout of the 
roof. The best structural type of upper chord is obtained with the bow 
truss (Fig. 128,0 and b), whose upper outline makes either a broken 




Block 



Fig. 128. Sketches of reinforced concrete trusses 
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line or a curve (in the latter case it is called an arch truss). The 
web of bow trusses forms a series of triangles and its members are 
subject to insignificant stresses. The rise of the truss at its end is 
small, thus keeping its weight within rational bounds and also lower- 
ing the height of a building’s walls. All this has led to its adoption as a 
standard type for industrial structures. 

The polygon truss can be built either with raised (Fig. 128, c) 
or dropped struts at its ends (Fig. 128,d). In the latter instance the 
truss’s centre of gravity is disposed lower than the support, a factor 
which makes the truss very stable during erection without the use of 
special props. However, with this type it becomes necessary to in- 
crease the height of columns. 

The height of a reinforced concrete truss in mid-span is equal to 
1/7- 1/9 of its length. Truss spans range from 18 to 30 metres and 
more. 

The chords and struts of trusses are made alike in their width 
(from 200 to 240 mm) for convenience in fabricating in a horizon- 
tal position. Grades of concrete range from 300 to 500 and with 
a large percentage of reinforcement in order to reduce dead 
weight. 

The upper (broken-line) chord of bow trusses is made in 3-me- 
tre panels to exclude bending between joints when carrying 3-metre 
roof slabs. 

In arch trusses, where the upper chord 
is curved, bending moments from loads 
borne otherwise than at the joints are 
reduced because the eccentricity of the 
longitudinal forces creates a negative 
moment (Fig. 129). This allows greater 
panel lengths of the upper chord and a 
sparser layout of struts. 

The lower tension chord of bow trusses 
is prestressed with the use of bunched 
high-strength wire, tensioned against the 
hardened concrete (post tensioning). When 
the span is from 18 to 24 m these trusses 
are made in one piece, but when spans 
run from 24 to 30 m they are made in 
two pieces with the joint in mid-span. 

Table 24 presents technico-economic 
evaluation factors for this type of truss 
with spans of 18-30 m and a spacing of 
6 m. 

The erection joint of the lower, ten- 
sion chord can be either welded, or drawn together by tensioning the 
tendons against the whole length of the chord, the choice depending 
upon transportation and site facilities, etc. It must be kept in 




Fig. 129. Bending moment* 
in the upper chord of an arch 
truss 

a— moment from load between 
joints; b — the result of eccentri- 
city of longitudinal forces 
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mind, however, that the latter method increases the work at the 
site. Furthermore, transportation of the halves of the truss with its 
untensioned lower chord may result in crack formation. 

Fig. 130,a presents an example of a 30 m bow -truss, showing its 
reinforcement and weld-type of lower -chord joint. The joint plates 
are welded to inserted parts of the chord during final assembly. Ducts 
for the bunched tendons are left in the bottom chord when the concrete 
is poured. The upper chord and the struts of the web are reinforced 
with prefabricated mats. 

Gussets (widened wings) are arranged at the joints and rein- 
forced with additional bent bars. These gussets provide the necessary 
anchorage for the bars of the struts. 

To increase the producibility of bow trusses, an alternate produc- 
tion method consists in assembling them of separate straight 
members (Fig. 130, b) the concrete of which is compacted by means 



Fig. 130b. Sketch of a bow truss built up of separate, straight pieces 
/—joint made by v^elded protruding bars, subsequently grouted with concrete: 2— pre- 
stressed lower chord 

of vibration equipment. These straight elements are connected at 
the truss joints by welding the protruding bars, and the joint sub- 
sequently grouted with concrete. The lower chord could be made in 
one piece, prestressed during fabrication. Assembly of such trusses 
must be done in a factory. 

Polygon trusses having upward-inclined struts at the supports 
could be made of 6-metre blocks, or of half-trusses with 3-metre pan- 
els. The great stresses borne by the struts of this type of truss require 
not only prestressing of the lower chord, but also of those struts 
undergoing tension, especially those at the supports. All this consid- 
erably complicates fabrication. 

Polygon trusses with dropped struts at their supports could be 
assembled out of triangular units, with prestressed lower chord and 
end struts. 

Polygon trusses are less economical than the bow type in their 
expenditure of both materials and labour. 

10-12 mm steel bearing plates, anchored into the truss ends 
when the concrete is poured, are used for all types of trusses beneath 
their bearings at columns. 

Aside from roof loads, trusses of industrial buildings are liable 
to loads from suspended cranes — usually three or four of them, 
each with a capacity of 3 to 5 tons — the additional forces of which 
increase the percentage of reinforcement in the trusses by 20-30%. 
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Reinforced concrete trusses are computed by usual methods. The 
rigidity of joints has very little effect on the forces acting upon the 
struts, hence the joints are assumed as hinged in the design dia- 
gram. 

In ascertaining of forces, the most disadvantageous loading 
scheme is taken— that of the snow load applied to one-half of 
the truss, and the loads from suspended cranes (if there are such). 
The roof load and the dead weight of the truss proper is considered 
as applied to the joints of the upper chord, while the loads from sus- 
pended cranes are applied to the joints of the lower chord. If any 
loads are transmitted otherwise than via the centres of joints, bend- 
ing moments are computed on the assumption that the chords are 
continuous beams whose spans are equal to the distance between 
joints. If it is an arch truss, then the relieving effect of eccentric 
longitudinal forces is taken into account if the loads are. applied be- 
tween the joints of the chords. 

The cross-section of the upper chord is computed on the basis of 
axial compression: but with any load applied between the joints, 
eccentric compression is assumed. The cross-sections of the struts and 
lower chord are calculated as axially compressed and axially ten- 
sioned members. If suspended cranes (or a suspended ceiling) are hung 
between the joints of the lower chord, the latter is computed by 
eccentric tension formulae. Fissure formation must be checked for 
all tension members. Furthermore, the truss as a whole must be 
checked for erection behaviour. 

When computing longitudinal bending in the plane of the truss, 
the effective lengths of its elements are taken as follows; the dis- 
tances between joint centres for the upper chord and struts at thesup- 
port; the distances betw.een joint centres multiplied by a coefficient 
of 0.8 for the rest of the struts. When calculating longitudinal bend- 
ing not in the plane of the truss, the effective lengths of the upper 
chord are taken as the distance between joints fixed against longi- 
tudinal displacement, while the effective lengths of struts isconsidered 
as the distance between joints. 


Sec. 32. ARCHES 

Arches may be triple-hinged, double-hinged, and fixed (com- 
pletely restrained) (Fig. 131,a). The thrust of an arch may be borne 
either by a tie or by buttressing construction such as columns or a 
foundation. If precast construction is used, a tied double-hinged arch 
is used in most cases. 

Ordinarily, arches are made in one piece, but long and heavy 
arches are divided into elements put together during their final assem- 
bly (Fig. m,b). 
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Fig. 131. Reinforced concrete arches 
—arch diagrams; b—a precast arch; c— reinforcement for an in-situ arch 



Z-Zuoipa^ 


Trusses are easier to erect than arches fand In some cases their 
technico-economic design-evaluation factors are better); but with 
very long spans (over 36 m), arches become more economical than 
trusses. 

Thecurves of arches are usually kept low with rises /=from'/j to */,/. 
The height of the cross-section h is made from */„ to I-sections 
are used for precast arches, and T-sections or rectangular shapes for 
in-situ arches. Prefabricated reinforcement blocks are used witli 
the bars arranged symmetrically because of possible reversal of 
moment signs. Prestressed ties are employed with tendons consist- 
ing of bunched high-strength wire anchored at the supports. 

The tendons of the tie in in-situ arches usually consist of very 
thick bars with anchorage at the supports implemented through 
nuts and washers (Fig. 131,c). To keep the tie from sagging, it is 
hung from the arch at intervals of 5-6 m. 

Arches are computed on the basis of symmetric loads from the 
roof cladding and unsymmetrical snow loads (on one half of theroof). 
Unsymmetrical erection loads must also be considered. The thrust H 
and the forces M, N, and Q are determined either through the princi- 
ples of Strength of Materials or with the aid of tabular data. 

Ties are calculated by means of axial tension formulae, while the 
arches themselves are computed on the basis of eccentric compression 
accompanied by bending. The effective length of an arch is assumed as 
0.58s when it is triple-hinged, 0.54s when it is double-hinged, and 
0.36s when it is entirely restrained (s— the developed length of the 
arch’s axis). 



CHAPTER XI 


CANOPY ROOF SHELLS 

Sec. 33. GENERAL REMARKS 

The canopy shell recommends itself by its low material con- 
sumption and its capability of roofing great spans, both in indus- 
trial and civic buildings and also of parts of structures. 

A number of types of this roof are known: long and short vault- 
ing, plicated shells^ domes, flat hipped vaulting, and two-way- 
curvature shells. The types mostly in use are the long vault, the 
short vault, and the plicated shell. All types of canopy shells may be 
either of in-situ or precast construction, and of flat or curved compo- 
nents. 


Sec. 34. LONG VAULTING 

Long vaults are those whose proportions -^^1. This type is 

composed of a thin curved slab (Fig. 132,a) bordered by longitudinal 
springer curbing and by lateral diaphragms at the ends. The length 
between diaphragms is known as the vault span while the distance 
between springer curbing /, is called the throw of the vault’s arch. 

The ratio -^may reach a value of 3-4. The vault rise / (including 

the longitudinal springer curbing) must be at least 1/10 /, and 1/6/j. 
The arch’s throw is usually not more than 20 m, but the longitudinal 
span may reach a length of 30 m or more. 

The canopy shell of the vault together with its bordering springer 
curbs form a troughlike girder that possesses a great resisting moment 
and transmits its bearing pressure to the rigid diaphragms. In con- 
trast to an ordinary girder, the vault is calculated against lateral de- 
formation and for vaulting action in both directions. Vault stresses 
are composed of longitudinal compressive and tensile forces and 
lateral bending moments. 

The number of arches classify it as a single- or a multi-arch vault 
(Fig. I32,b), the latter being composed of several parallel single- 
arch vaults connected by common springer curbing. The system may be 
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made up of single or multiple spans (Fig. 132, c); in the latter case 
the vaulting is supported by intermediate and end diaphragms. 

The vault stab may be either plain or ribbed, with ribs running 
laterally and longitudinally on the underside of the shell (Fig. 132,d). 
Ribbed vaults are best made in precast reinforced concrete with the 


o) b) 




height with rigidity rios 



Arched girder 
of framework 


Fig. 132. Long vaulting 

fl— a single-span single-arch vault; 6— a multi -arched vault; c— a multi -span vault: d— a 
ribbed vault; types oi longitudinal springer curbing; f— types of diaphragms 


ribs dividing the shell into curved panels, joined during final assembly 
by tensioning of the reinforcement (tendons) placed in the ducts of 
the ribs. 

The shell attains a cylindrical appearance, with its cross-section 
forming a segment. This is thesimplest type to erect, although ellip- 
tical and other cross-sections are sometimes met with. • 


m 





The longitudinal springer curbing (Fig. 132, e) is made in a num- 
ber of shapes: dropped, raised, and horizontal. The heights of curbs 
range from 0.3 to 0.6 /, and widths from 2 to '4 /i, in which A— the 
thickness of the shell. 

There are several types of diaphragms (Fig. 132, /): the solid gird- 
er of variable height divided by stiffening ribs, the tied arch, the 
curved girder, etc. 


Normal 
Stresses 6 


6 - diagram 
of stresses 



The character of (5 and M ^ 
changes along the length IIIILl^ 
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1 
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Fig, 133. Stresses in long vaults 

2— diagram of normal stresses; b — diagram of lateral bending moments; c — scheme 
showing transmission of forces from the vault to the diaphragm 


Computations of single-arch vaults and side half-arches of multi- 
arch vaults are done in accordance with the method of V.Z. Vlasov, 
based on mutual action of longitudinal forces and lateral bending 
moments. Fig. 133,a and b show diagrams of longitudinal (normal) 
stresses a, and lateral bending moments Mina mid-span plane of a 
single-span, single-arch vault. The ordinates of both diagrams fol- 
low a sine-curve and decrease along the span to a zero value at the 
ends of the vault. The diagram illustrates that longitudinal tension is 
created in the spring of the shell and compression in the crown. 

The central vault is considered as a girder with a troughlike sec- 
tion (undeformed) and with a span /,. Cross-sectional dimensions 
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and bar areas are computed on the basis of longitudinal stresses a, 
diagonal tensile stresses x and lateral bending moments M. 

The longitudinal tensile stresses in the spring of the shell and 
adjacent curbing are limited to 3/?, when the width of fissures is to 
be restricted, and to — 2Ri when fissures are entirely forbidden. 

The principal longitudinal tension-bearing steel is disposed in 
the curbing and springs of the shell. In the crown the longitudinal 
steel is placed only as supplementary reinforcement, inasmuch as 
compressive stresses there are borne by the concrete. Lateral bars 
take the tensile forces of lateral bending moments and also play the 
role of stirrups at the supports where they bear diagonal tensile 
stresses. 



Fig. 134. Scheme of reinforcement of a long vault 

The shell of the long vault can be reinforced with welded mats 
(Fig. 134) and with welded blocks placed in the springer curbing and 
diaphragms. Additional mats must be disposed in the corners of the 
shell where the greatest diagonal tensile stresses occur. All mats must 
be property jointed in both^ directions. 

The diaphragms take bearing compression from the shell through the 
thrust 5, tangential to the crown (Fig. 133,c). The forces M, N, and 
Q, acting in a series of the diaphragm’s planes, are determined by 
static computations. The cross-sections of the diaphragm undergo 
eccentric tension and the areas of longitudinal bars are derived 
through eccentric tension formulae. 

Sec. 35. SHORT VAULTS 

Vaults are considered as short when ^<L Short vaults (Fig. 

135,a) consist of a thin curved shell, longitudinal springer curbing, 
and intermediate diaphragms spaced at intervals of 6 or 12 m. The 
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rise of the vault while the throw of, the arch may be 30 m 

and more. The short vault is more economical in materials than its 
long counterpart. 

The principal stress occurring in short vaults is compression, 
which attains an insignificant value. When the maximum dimen- 
sion of the span of a monolithic vault is 30 m, empirical thick- 
nesses /i are established for the shell, depending upon the vault span 
when Z, =6 m, h=5 cm. 

The shell of the vault is reinforced with a minimum amount of 
supplementary bars, inasmuch as the role of the latter consists in 



Fig. 135. A short vault 
fl— Its structural elements; i?~lts reinforcement 


bearing shrinkage and temperature and other forces not provided for 
by computation. Welded mats are used for this reinforcement 
(Fig. 135,6). 

Springer curbs of short vaults are made in the form of rectangu- 
lar beams whose height a=l/10-l/15Z,. Welded reinforcement 
blocks are placed therein to bear tensile stresses which arecomputed 
by considering the short vault as a troughlike girder with a span of 
Z, and resting upon the diaphragms. 

The types of diaphragms introduced into short vaults are (Fig. 
132,/) tied arches, curved girders of frames (bents), and other forms. 
The thrust S in the shell is transmitted to the diaphragms in the 
same manner as in long vaults. Approximate methods are used in 
the computations of diaphragms, based on the combined action of 
the vertical load gathered along the bearing area and normal tensile 
forces. 
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Sec. 36. PLICATED SHELLS 


The folded type of roof cortstruction forming a series of plicated 
shells makes up a rigid system composed of flat slabs (Fig. 136). 
Just as in other canopy shell types, the plications are supported by 
diaphragms whose spacing /, is known as the plication span. Spring- 
er curbing may be either the dropped or the raised type. Plicated 
shells may be of single- or multi-plication, and single- or multi- 
spanned. 



Fig. 136. Plicated shell roof 
a— multiple plication; b — single plication 


The static behaviour of a loaded plicated shell is very similar to 
that of long vaulting and can therefore be built in spans of 20 and 
more metres. An additional feature in its behaviour is lateral bend- 
ing, a factor which limits the width of the facets to 3-3.5 m. This 
in its turn limits the throw of the plication /, to 10-12 m. The rise 
of the plication 

Dimensions of springer curbing are made the same as for the vault 
type of shell. 

The facets (slabs) may be reinforced with welded mats properly 
joined in both directions, while welded reinforcement blocks are in- 
corporated in the springer curbing and the diaphragms. 

Longitudinal forces, lateral bending moments and diagonal ten- 
sion are all to be included in the computations of cross-sections. 



CHAPTER XU 

REINFORCED CONCRETE FOUNDATIONS 

Sec. 37, THE DESIGN OF COLUMN FOOTINGS AND THEIR BEHAVIOUR 

Column loads are transmitted to the bearing soil by the footings. 

Stepped footings are the usual type of column foundations (Fig, 
137). For heavy loads and weak bearing soils, column foundations 
are built for whole rows of columns in the form of continuous footings 
(Fig. 138, a) or as continuous cross-footings (Fig. 138, b), and in 
special cases as a solid flat or ribbed slab (Fig. 138, c and d). 

Footings for precast columns are furnished with a recess, known as 
a pocket, into which the column is inserted (Fig. 137, b). The joint 
spaces between the column and the walls of the pocket are grouted 
with concrete (for which very fine aggregate is used); sometimes a 
hole is provided in the side of the pocket in order to pack the grout 
from beneath. 

Foundations for in-situ columns (stepped footings, continuous 
footings, or slab foundations) are likewise poured in-situ with the 
reinforcement left protruding for connection to the column reinforce- 
ment. Pocket-type stepped footings for precast columns may also 
be poured in-situ or brought to the site ready-fabricated. If pock- 
et-type stepped footings are too large or too heavy to handle in one 
piece, they may be composed of separate thick slabs and a shoe 
(Fig. 137, c). 

Footings for precast columns should be designed so that all work 
below the cardinal level be completed before column erection com- 
mences, i.e., so that column placing starts only after the completion of 
all foundations, underground utilities, backfill, and underfloor layers. 
To do this, the upper level of all footings should be finished at —0.15 m 
(in other words, 15 cm below the finished ground floor). If such a 
level should cause any difficulty in arranging the lowest line of foot- 
ings, then either an underlayer of concrete can be provided beneath 
them, or the upper step of the footing raised that bears the pocket 
of the column. 

The load transmitted from the column to the footing results in a 
reaction in the bearing soil which bends the footing (Fig. 139). 

m 
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The pressure stresses (reaction) in the bearing soil will depend upon 
the rigidity of the footing and the physico-niechanical properties of 
the soil (its elasticity). In computing separate. axially compressed 
stepped footings it is assumed that the pressure (reaction) is equally 
distributed along the bottom of the footing. If the stepped footing 
is eccentrically compressed, a straight-line distribution of the pres- 
sure is likewise assumed. In either continuous or slab-type foundations 
the reaction diagram will depend upon bearing soil elasticity and 
foundation rigidity. Reaction stresses in the bearing soil for a con- 
tinuous foundation are illustrated in Fig. 140. 

When a stepped footing bends against the reaction, the tension 
zone will be at the bottom (Fig. 139) for which reason the reinforce- 
ment, in the form of a mat with effective bars running in two di- 
rections, is placed in the lower part. Because of the comparative 
great height of a stepped foundation, diagonal tensile stresses creat- 
ed by bending action are borne by the concrete and the necessity 
of upright bars is excluded. 

The reaction beneath a continuous foundation causes it to behave 
as a continuous beam (Fig. 140) and it is therefore reinforced with 
longitudinal and vertical effective steel, the longitudinal bars being 
disposed in the lower part at the columns, and on top in the span be- 
tween columns. 

The reactions beneath solid flat-slab foundations cause them to 
behave just as a flat -slab floor and they are therefore reinforced with 
mats, both above and below. When such slab foundations are very 
thick, they are furnished with intermediate mats to resist shrinkage 
and temperature stresses; all mats in slab foundations must be united 
by means of vertical reinforcement blocks or individual bars. 

Foundations in the form of solid ribbed slabs act just as two-way 
ribbed floor slabs. 

Foundations are usually poured directly upon a tamped layer of 
soil, but if the site is very wet, a plastic consistency of broken stone and 
mortar is first put down. From 3 to 5 cm is the established thickness 
of the protective covering for the bottom bars of foundations. 


Sec. 38. COMPUTATION AND DESIGN OF STEPPED FOOTINGS 
1. Footings for Axially Loaded Columns 

Computations of a footing consist in determining its contour in 
plan, its height, and areas of effective reinforcement. Its load will be 
the sum of the longitudinal force N transmitted through the column 
and the dead weight G of the foundation, the latter also including 
the weight of the soil carried by the shelving of the footing. 

Tentatively, G is assumed as 0.08-0.12 N. 
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The contour of the footing in plan is determined by the design 
resistance of the bearing soil as reacting against the specified 
loads: 


f 


(226) 


where F — area of the footing. 

In the given case, specified loads are chosen because the value of 
is established by codes on the basis of settling deformation of 
bearing soils. 

From formula (226) 


^soil 


(227) 


Stepped footings for axially loaded columns are, as a rule, made 
square in plan and the dimension of each side 

a==-yT. (228) 

When computing bending action from the soil reaction, it is 
approximately assumed that the footing shelving protruding beyond 
the edge of the column will behave as four independent brackets whose 
widths are the dimensions perpendicular to the widths of the footing 
in plan. 

The reaction p beneath the footing is determined from the long- 
itudinal design force N transmitted by the column. The loads from 
the dead weight of the footing and the soil bearing upon its shelves 
are not taken into account since they are evenly spread over the whole 
footing area and are balanced by a corresponding up-thrust of the 
soil and hence do not cause bending of the footing: 

P=T- ( 229 ) 


The height H of the footing is determined by the following con- 
ditions. 

1) Resistance of the concrete to shear along the perimeter of the 
column from the longitudinal design force N, i.e., 


H 


N 


2 (& + /.) Rsh’ 


(230) 


where b and h — cross-sectional dimensions of the column, 

— design shear resistance of the footing’s concrete, 
which can be derived from formula (5) by assuming 
a uniformity coefficient ^^—0.5. 

For 100-grade concrete /?g,,==:10 kg/cm% for grade 150 15 

kg/cm’, and Rs„=s:17 kg/cm’ for 200-grade concrete. 
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2) Resistance of the footing along diagonal planes when there is 
no vertical reinforcement, i.e., 






(231) 


where 6, — upper width of footing, 

Q — resultant of soil reaction upon the bracket. 

With a square foundation whose side dimension is a and a square 
column whose cross-sectional dimension is b (Fig. 139) 

(232) 


When the column is precast, the depth of the pocket in the footing 
may also be a factor in deciding the footing height H . To set the col- 
umn properly into the pocket, its depth c must not be less than 1- 
1.5 A, in which h — the larger face of the column. The thickness of 
the shoe beneath the pocket must be at least 20 cm; this thick- 
ness must also be checked for concrete shear, a factor which maybe 
met with during erection of the column, when the grout in the 
pocket has not had time to harden. 

Hence, 


The dimensions of the pocket in plan are made greater than those 
of the column (15 cm more at the top and 10 cm at the bottom) 
for convenience in erection and grouting. 

The minimum height of footings for in-situ columns must be such 
as to allow proper insertion of the column’s longitudinal bars (or the 
bars protruding from the footing and having the same diameters as 
those in the column): 

for foundations carrying axially loaded columns 

for foundations carrying eccentrically loaded columns 


In individual cases the height of footings will be dictated by 
structural considerations concerning footing profile, special re- 
quirements of foundation depths, level of ground beams, etc. 

The footing is divided into 2 or 3 steps, from 30 to 50 cm each 
in height, with the width of steps arranged so that they align with a 
45° angle carried down from the lower edges of the column (Fig. 
139). Resistance along diagonal planes will thus be assured without 
the addition of vertical reinforcement. If the lower step should project 
beyond this angle, then diagonal plane resistance at these points 
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<plane a-a, Fig. 139) Is warranted when the height of the lower 
itep 


’ mHiU ’ 


(231a) 


in which Q,— the resultant of soil reaction upon the sector lying 
outside the plane a-a, 

a — width of the lower step (foundation width). 

To derive bar area, it is required to determine the bending 
moment in the bracket from the edge of the column: 

M=Qe. (233) 

in which e is the distance from the line of the force Q to the edge of 
the column, 

Q is derived through formula (232). 

With a square footing whose side dimension is a and a square 
column whose cross-sectional dimension is 6 


e=- 


a — b 


By entering the values of Q and e into formula (233) and carrying 
-out the necessary conversion, we get 


M- 


pa (a — 6)* 


(234) 


The area of the bars F, is computed on the basis of bending re- 
.sistance of the footing: 


M 




Assuming that z=si0.9H^ and m=l, we get 

p M 


(235) 


The effective bars in the footing are determined according to 
this derived area (the bars being made alike in both directions). 
Bar diameters must be at least 8 mm (usually they are 10-16 mm), 
and their spacing 10-20 cm. If the footing is very large (a>3 m), 
■only 50% of the bars are carried to its edge and the rest cut off at a 
distance of 0.1a from the edge. In this case the reinforcement mat 
will be made up of bars with lengths of a and 0.8a, laid alternately. 


2. Footings for Eccentrically Loaded Columns 

Eccentrically ‘loaded columns transmit to their footings the long- 
itudinal force N, the bending moment M, and the shearing force Q 
(Fig. 141). The height H of footings is determined as already de- 
.scribed in Item 1. 
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The moment at the level of the footing’s shoe 

Al*ou = M'+Q*//. 

The eccentricity of the longitudinal force at the level of the foot- 
ing’s shoe 

— 


The reaction at the edge of the footing is found through the well- 
known formula in Strength of Mate- 
rials: h -h, 


in which 6, and h, are the dimensions 
of the footing in plan. 

With a plus-sign in formula (236), 
Pmax is obtained (p„,*<1.2;?,„„); with 
a minus-sign, the result will be 

The dimensions of the footing in 
plan are obtained by approximations. 
In the first approximation the required 
footing area is derived through the 
formula 

f =(1.5-2) (237) 

^SOil 

The outlines of the reaction dia- 
gram will depend upon the amount 
of eccentricity (Fig. 141); when 

p. 

the diagram will be a tra- 
h 

pezium; when it will take 

the form of a triangle; and when 
e, >^, the base of the triangle 



will be less than A,, that is, only Investigation of an 

part of the footing area will bear eccentrically loaded stepped 
upon the soil (the remaining footing footing 

area will be separated from the under- 
lying soil). The value of in the latter instance is computed by 
considering the centre of gravity of the triangular reaction diagram 
as being directed along the line of the eccentrically placed force: 


_ _2(Ar»-fG») 

PmVL— 3b j 


(238) 


m 



in which 



The dimensions of the footing must satisfy the condition that 

3/^ 0.75ft. 


Footings whose reaction diagram is triangular can be used only 
for columns that have no crane loads. If the column loads include 
that of a crane, the reaction diagram beneath the shoe of the footing 
must be in the form of a trapezium and satisfy the condition that 

Eccentricity of the longitudinal force may be reduced by displac- 
ing the centre of the foundation, as related to the centre of the 
column, towards the line of eccentricity. If the amount of this dis- 
placement c=e,, then the reaction diagram will become rectangular 
and the problem will become one of axial compression. However, 

usually the amount of this displacement c=-^. 

If the foundation is displaced, then the load on the bearing soil 


P 


4- G’ 

bA 



(239) 


To compute bar area, it will be necessary to determine the reac- 
tion beneath the footing from the design forces N, M, and Q. The 
quantity first determined is 


With a displaced foundation 

M^i,=M + QH — Nc, 
The next step to be determined is 



h 

If it is found that then the reaction is derived through 


the formula 



(240) 


But if then 


2N 

P-^3b,f 
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( 241 ) 



The reaction diagram will first reveal the pressure opposite the 
edge of the column Pcoiumn^ mean pressure will then be 

Pmax "4" Pcolumn 

fJ 2 

Bending moments are to be computed in two directions: the mo- 
ment at the edge of the column (in the plane of the moment) 


A/t —hy 

- g 


(242) 


while the moment in the other direction 


JU (^i 

n - 8 * 

in which 



(242a) 

(243) 


After finding Afi and Mu, formula (235) will determine the bar 
areas for each direction. 


Illustrative problem 20, Design a square footing for a precast axially loaded 
30X30 cm column. Given: A^s = 74 tons; N = 90 tons; =2 kg/cm^ = 

= 20 t/m^ grade 100-B concrete; /?t = 4 kg/cm’^; pj,h = i^ kg/cm*. Rein- 
Jorcement to be of round St-3 steel bars; /?s = 2,100 kg/cm*. 

Solution, 


Assume that G" = 0.08V' = 0.08 X 74 = 6 t. 
Through formula (227) the area of the footing 


F = 


74X6. 


20 


:4 ni*. 


The side dimension of the footing 

a = >^4 = 2 m. 


The reaction that causes bending oi the footing is computed through for- 
mu la (229): 


_ 90,000 
'’““200 X 200 


= 2.25 kg/cm*. 


The resultant of the reaction upon the bracket, according to formula (232), 

onn Qf) 

Q = 2.25 X 200 ^ - - = 19. 100 kg. 


Shear requirements, according to formula (230), demand that the looting’s 
height 


H 


90,000 

4X30X10 


75 cm. 


In accordance with formula (231), when there are no vertical bars and when 
the upper width of the footing ^ = 40 4-30 4-40=110 cm, the requirements of 
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diagonal plane resistance dictate that the footing height 

19.100 




1X4X110 


:43.5 cm. 


When fl = 4.5 cm, // = 43.5 + 4.5 -{-48 cm. 

Requirements of sufficient pocket depth for the column dictate that 
// = 30 + 20 = 50 cm, 

all of which indicates the final height to be: // = 75cm, and /io = 70.3cm (see 
Fig. 142). 



Fig. 142, Illustrating problem 20 


According to formula (234), the bending moment at the edge of the column 


^ ^ 2,25 X 200 (200 - 30). ^ 

o 


With grade 100 concrete, the service coefficient oF St-3 steel bars mg = 0.9. 
According to formula (235), required bar area 


1,630,000 

0.9 X 2,100 X 0.9 X 70.5 


= 13.35 cm*, 


which is satisfied by 12012 in each direction (F8 = 13.56 cm*). 

Checking the height of the lower step at plane a-a (the step projects 25 cm 
beyond this plane) 

Q = 2.25 X 200 X 25 = 1 1 ,250 kg; 

from formula (231a) 

. 11,250 

1 X4X200 ~ 


The actual height of the fooling at plane a-a 

— 0 = 30.5 — 4.5 = 26 cm > 14 cm, 



CHAPTER XIII 

DESIGN OF SINGLE-STOREY FRAMED BUILDINGS 
Sec. 39. GENERAL REMARKS 
1. Their Use. Structural Details 

Single-storey framed buildings are widely adopted for various 
branches of industry (steel mills, machine engineering plants, con- 
sumers’ goods factories, etc.). 

The basis in the design of an industrial structure is the blocked 
layout. This means that the production shops are located under one 
roof when the technological process allows such an arrangement. 
Such combinations of layout result in rectangular, parallel blocks 
of unified heights. Breaks in the height silhouette are avoided because 
they complicate construction and sometimes even add to the expend- 
iture of materials. Such blocked layouts achieve maximum unifi- 
cation of structural members, simplify connections, and reduce the 
number of size ranges of standard units. Other advantages in combin- 
ing shops into a single building are: lowered costs of both construc- 
tion and subsequent plant maintenance, reduction of plant areas, 
and shortening of interplant communication and underground and 
above-ground facilities. 

Manufacturing processes in single-storey buildings usually require 
the movement of material along the bays of the structure. Over- 
head cranes and monorails, installed for this purpose, are propelled 
on special rails supported longitudinally by thecolumns of the build- 
ing. Monorail cranes may also be suspended from the main spanning 
members of the roof, in which case the term suspended transport 

is applied. 

Another possibility is the implementation of floor -supported cranes 
which increase the versatility of the floor plan and simplify future 
modernisation of technological processes. 

The structural scheme of the roof of a one-storey industrial build- 
ing may consist of straight members that act on the principle of 
beams, or of canopy shells, plications, etc. 

The members of a single-storey framed structure with a beam- 
system roof (Fig. 143, a) are: columns resting upon their footings;: 


10 - 28^7 
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main beams (either girders or trusses) supported by the columns; 
roof panels resting upon the main beams; overhead-crane girders; 
wall panels; lighting or ventilating monitors and other components. 
The principal structural unit of the frame Will be the transverse 
bent, composed of columns and main beams. Such a bent may have 
one or several spans 




tig. 143 Construction of a single-storey industrial building 
a — general interior view; b and c — scheme of lateral bent and longitudinal 

frame 

Skeletal rigidity of one-storey framed buildings is assured lateral- 
ly by the bents (Fig. 143,6) and longitudinally by the framework cre- 
ated by the columns, roof deck, and overhead -crane girders (Fig. 
143, c). Sometimes bracing is also added. 

New types of single-storey factories being built both abroad (in 
the U.S.A. and in Canada) and in this country are distinguished 
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by floor -supported and suspended types of cranes (instead of over- 
head cranes), luminescence illumination (instead of monitors), 
forced ventilation, and in certain cases by the installation of air condi- 
tioning systems. 

In districts subject to long winters and heavy snowfall, monitors 
lose their value as a source of natural light, and furthermore are the 
cause of great heat losses. In such areas it is best to do without moni- 
tors, their absence also improving roof drainage and decreasing the 
number of size ranges of precast reinforced concrete units. 


2. Overhead Cranes and Crane Loads 

An overhead crane is made up of a truss bridge propelled on four 
wheels,* and a four-wheeled crane buggy equipped with a hoisting 
hook and hoisting mechanism (Fig. 144,a). Transverse movement of 
loads in the shop bays is accomplished by propelling the crane buggy 
along the crane trusses, while for longitudinal transport the crane 
is run along the crane rails. 

Overhead cranes are made with capacities of 5, 10, 15, 20, 30, 50 
and more tons, and are sometimes equipped with a second, auxiliary 
hoisting hook whose capacity is less than that of the main hook. 

To assure unhindered passage of the overhead crane, a standard 
clearance is provided between it and the structure, the dimensions o) 
the crane and this clearance deterrniningthe dimensions of the build- 
ing, including its height. The crane transmits both vertical and 
horizontal-thrust loads to the building. 

The vertical loads, which are the sum of the weights of the crane, 
crane buggy, and the material being handled by the crane, are trans- 
mitted to the crane rails via the crane wheels. The heaviest loading 
scheme borne by the wheels occurs when the fully loaded buggy 
is on the extreme side of the crane trusses (Fig. 144,&); in this posi- 
tion the opposite wheels will receive the minimum load Pniin- 

Specified maximum crane loads for cranes ol various capacities 
are presented in all Crane Standards, while the values of niay 
be derived by assuming the crane to be a simple beam: 

p" . _Q +Qtruss ps /944\ 

'mm 2 ' maxi 

in which Q — the capacity of the crane, 

Q truss — the weight of the trusses, 

G — the weight of the crane buggy. 

All crane standards give crane weights, including crane buggies. 

Horizontal thrust is created when braking either the transverse 

* This concerns capacities up to 50 tons. 
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movement of the buggy on the crane trusses or the longitudinal passage 
of the crane proper. 

The force arising from transverse braking is usually computed by 
means of the formula 

(245) 

The value is borne by one crane rail and is divided* 

equally between the two wheels on that rail. 



Fig. 144. Schematic cross-section showing the crane and its rail 


The force arising from longitudinal braking is determined by the 
formula 

B/-?one=“. (246) 

A load coefficient n= 1.3 is introduced into the computations of the 
framing structure when vertical and horizontal crane loads are 
included therein. 
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Rapid handling of loads by the crane and impact caused by rail 
unevenness (especially at rail joints) subject the crane girders to dy- 
namic loads, therefore in the computation of crane girders a dynamic 
coefficient *ay..= 1.2 is introduced into the values of vertical loads and 
horizontal thrust. Other structural members (columns and founda- 
tions) are considered as not effected by this dynamic action. 


3. The Layout of the Building 

The column grid chosen must satisfy both manufacturing processes 
to be conducted in the building and comparative technical and 
economic design-evaluation factors. Experience has proved that 
the best column spacings are 12 xl8 and 12 x24 m, and — where large 
machines are to be installed — 12 x30 and 12 x36 rn. In all cases the 
outer line of columns may be spaced at ntervals of 6 m, but a 6-metre 
spacing for interior columns is acceptable only for buildings with 
one or two spans. 

All columns are disposed in relation to the centre lines of the grid 
layout (Fig. 145): in the case of intermediate columns, their geomet- 
ric centres will coincide with the grid lines, while the outer columns 
are placed with their outer surfaces aligning with the grid centres.* 
Such a disposition of outer columns is known as edge centering and 
makes it possible to retain standard dimensions in marginal roof 
members and thus standardise structural elements. 

The lateral geometrical centres of the columns will coincide with 
the grid lines, with the exception of the paired columns at compensa- 
tion joints and those at the ends of the building; these columns are 
offset 500 mm. Just as in the case of longitudinal centering, the end 
columns are also edge-centred. Such a centering of walls and columns 
along the length of the building achieves standardisation of roof 
panels, equalisation of lengths of overhead-crane girders and tie 
beams, and unification of beams at the building’s ends and at compen- 
sation-joint spans. 

The distance between the, longitudinal grid centre line and the 
centre line of the crane beam X (Fig. 144, a) depends upon the dimen- 
sion of the crane fl, the dimension of the column above the crane 
beam and the required clearance c between the crane and the 
column. For outer columns 


and for intermediate columns 


* This latter is valid when the maximum capacity of cranes is 30 tons. 

10 ^ 2867 * 
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On the basis of the above, a standard dimension in typified con- 
struction X=750 mm. With this arrangement, any standard crane 
span=/crdne Will fit into all the bays of the building, whether at the 
sides or in the middle; 

/„ / — 2A,=/ — 1.5 m, 

in uhich /—the transverse grid span. 

In order to reduce vertical size ranges when there is no crane in a 
one-storey factory, 4, 5, 6 and 7 m heights are adopted from the 
floor level to the underside of the roof. 



Fig. 145. Column grid for an industrial building 


In buildings equipped with cranes, the heights from the floor lev- 
el to the head of the crane rail are 6, 8, or 10 m for 5-20 ton cranes 
with spans up to 24 m, and 10, 12, or 14 m for 10-50 ton cranes with 
spans of 24 to 30 m. 250 mm is the nominal distance from the top 
of the crane girder to the head of the rail. Above this point, heights 
are established in multiples of 200 mm and will depend upon the 
height of the crane and its required clearance. 

All single-storey buildings must be divided into transverse and 
longitudinal compensation blocks by means of compensation joints. 
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Transverse compensation joints are achieved by the pairing of 
columns, as already described (edge centres, Fig. 145). 

Due to technological regimen in a number of industries (e.g., ma- 
chine assembly, etc.), it is sometimes required that transverse spans 
be arranged adjacent to the longitudinal layout. Such a perpendicu- 
lar grid orientation is achieved by separate rectangular blocks divid- 
ed by a joint. This joint must satisfy the requirements of both tem- 
perature changes and foundation settlement, the latter because the 
transverse bay is usually higher than its longitudinal neighbour and 



also carries a greater crane load. With such a layout the members 
of the transverse bay may also be typified. To do this a dummy span 
(the sum of the wall thickness and the joint width) is inserted be- 
tween the two perpendicularly orientated blocks (Fig. 146,a). The 
columns of the transverse bay are edge-centred in relation to the grid 
lines* while the end row of columns of the longitudinal block are 
placed with a standard offset of 500 mm. 

When longitudinal compensation joints occur between spans of 
equal height, sliding expansion bearings are used at the column sup- 
ports for one of the girders (or trusses) of the roof. The columns sup- 

* This latter is valid when the maximum capacity of cranes is 30 tons. 
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porting such expansion bearings musl be shcrlened (200 mm) in 
height. 

When a building has two heights, the longitudinal compensation 
joint is usually arranged along this broken -height line, with columns 
paired for the purpose. Here also a dummy span, equal to the wall 
thickness plus the joint width, is fitted in (Fig. 146,6). Both of the 
paired columns are edge-centred to the grid line.* 

In all, it must be kept in mind that the basic principle underlying 
the layouts described above is to retain standard members every- 
where, regardless of compensation joints or varying roof heights. 


Sec. 40. TRANSVERSE BENTS 
1. The structural Diagram. The iVlain Beam 

In a transverse bent the main beam may be made either wdth a 
solid or with a framed web (a girder or a truss, respectively), and 
with a rigid or a hinged connection to the column. The choice in the 
girder’s profile, its type, and the type of column connection will de- 
pend upon the length of the span, the kind of roof, the manner of erec- 
tion, the conditions of subsequent maintenance, and the intended cost 
of the building. As illustrated in Fig. 147, a, main beams may. be 
made with straight or broken lines, or may be curved (arched), with 
or without ties. 

Bents built with rigid main beam connections are better statically 
(smaller bending moments in the bent) than those with hinged con- 
nections, but are less suited for prefabrication. Furthermore, bending 
moments will occur both in thecolumn and in themain beam independ- 
ently of whether the stresses are in the column (from overhead cranes, 
wind thrust, etc.) or in the main beam (Fig. 147,6). Such interlock- 
ing of forces in single-storey crane-equipped buildings render stand- 
ardisation of members extremely difficult. 

On the other hand, in transverse bents made with hinged column- 
beam connections (Fig. 147, c). both the column and main girder can 
be standardised independently of each other since the loads applied 
to either one will not cause bending moments in the other; moreover, 
the form of both elements is simplified, as is also their mutual jointing 
(less steel is required), and if both rtiembers be rationally chosen from 
the point of view of mass production, they will prove more economi- 
cal in spite of the somewhat greater bending moments stimulated 
within them in comparison to rigidly connected bents. 

The result of all this is that at the present time most framed one- 
storey buildings are designed with bents restrained at their founda- 


* This latter is valid when the maximum capacity oi cranes is 30 tons. 


296 



tions but with main beams (girders or trusses) built with hinged con- 
nections to the columns (Fig. 148,a). 

As a rule, prestressed girders are employed as main beams for spans 
up to 18 m, and trusses used if the span is greater. However, girders 
are satisfactory for 24-metre spans if the dead and snow loads 
are not too great. 




b) , c) 



i'ig. 147, Investigation of single-storey transverse bents 


The. main beam is connected to the column by means of anchor 
bolts protruding from the column (Fig. 148,6), for which purpose 
the main beam is either perforated or supplied with a notched steel 
plate welded to insertions at the supports before being raised into 
position. As an added measure, these bearing plates are also welded to 
similar plates inserted in the column. If the connection is at a com- 
pensation joint, one of the beams is supported on a sliding (expansion) 
bearing and the other on fixed chair, with both resting on a shoit« 
ened column. 


2. Columns 

Columns in buildings equipped with cranes have double crane- 
beam brackets for the intermediate column and only one bracket lor 
outer columns. Structurally the column may be either a solid rec- 
tangular or H-section, or be perforated, that is, two-legged (Fig. 149). 

The solid section is used for cranes with maximum capacities of 
30 tons and maximum column heights of 15 m. With greater crane ca- 
pacities the perforated column is more rational. H-columns are more 
economical than the rectangular (using 30% less concrete and 6% 
less steel) and are therefore adopted as a standard. 
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The upper part of the column — from the crane-girder bracket to the 
roof^ — has a length Here the cross-sectional height will 

depend upon required bracketless supporting area for the mam beam 
and clearance for the passage of the crane.- 

The lower part of the column — from the foundation to the crane- 
girder bracket — has a length //,ower* cross-sectional height 



Fig. 149. Types of columns 

a — lor biilldinjjs without cranes; b, c and d—for bui Idi njrs wl th cranes: a reclanpnlar 
tolumn an H column and a perforated (Iwo-leggeJ) column, respectively 


is governed mostly by requirements of carrying capacity and column 
rigidity (the latter in its turn requiring that no crane wedging occur 
when column deformation takes place in the plane of the bent). It has 
been empirically established that the column will have sufficient 
rigidity if the cross-sectional height 




14 ^lower 


and if the cross-sectional width 


b from 2 q to 25^1ower* 
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In crane-equipped factory buildings, cross-sectional width of 
columns 6=40 cm when the column spacing is 6 m, and 6 = 50 cm when 
the spacing is 12 m. In the part of thecolumn above thecrane-girder 
bracket, cm for intermediate columns and 38 or 40 cm for 

outer rows of columns. For the part beneath the crane-girder bra- 
cket, will be 60 or 80 cm, depending upon the column’s height 
and crane capacity. 

Perforated columns are made with two rectangular legs below the 
crane-girder bracket (connected by cross-pieces at intervals of 1.5- 
2.0 m) and with a solid rectangular cross-section above the crane- 
girder bracket. For convenience in manufacture, the cross-sec- 
tional width is made alike both above and below the crane-girder 
bracket. 

For craneless buildings, column cross-sections are made less than 
for columns bearing crane loads; but because of the factor of rigidi- 
ty that enters the computations, 6 ^ and in which H 

is the height of the column from the top of the footing to the bottom 
of the roof beam. In intermediate columns their tops are made with 
brackets as a support for the beam, but in the outer line of columns this 
bracket is not required. Cross-sections of columns for craneless 
buildings are 30x30, 40x40 and 40x60 cm. 

The best computation planes in columns will be found to be direct- 
ly above the crane girder for the upper part of the column, and the 
lower and upper planes in the lower length of the column. The re- 
quired amount of bars and F\ for each cross-section is found by 
means of eccentric-load formulae. In determining thecoefficient q, col- 
umn flexibility (the long column) is taken into account and its 
effective length established, depending upon the way its ends are 
connected. Columns of single-storey buildings are fixed at the bottom 
and hinged at the top, with horizontal expansion connections at the 
supports; horizontal expansion is made to include all the columns 
under the roof of an entire compensation block. 

The following effective lengths of columns are assumed, based on 
the above-mentioned method of interbracing: 

a) In the plane of the bent: /o'^^iower ^^e part below the crane 
girder when the crane load is included, and /» =1.25// when the 
crane load is not included; /Q=2.5//uppcr the part above the crane- 
girder bracket. 

b) Perpendicular to the above plane: U for the length of 

thecolumn below the crane-girder bracket, and for 

that above the crane-girder bracket. 

c) For columns in craneless buildings: /^= 1.25// for the column’s 
plane in either direction. 

Concrete grades 200-400 are used for the columns. 

When bar areas have been determined for the column’s compu- 
lation planes, its stability outside the plane of the bent must be 
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column grid ^ ^ column ^rid ' I ' | 

Fig. 150. Reinforcement For intermediate columns 
rectangular craneless column; b and c— crane-supporting columns: H-column and two-legged column, respectively 





checked as for an axially loaded member. Furthermore, as already de- 
scribed in Sec. 22. Item 3. its static behaviour during erection 
operations must be checked. 

Intermediate columns are made symmetrical in form and are sub- 
ject to both plus- and minus-moments, for which reason they must 
be symmetrically reinforced. Side-row columns may be reinforced 
unsymmetrically. A 45''-return is the usual angle beneath the brack- 
ets that support the crane girder. 

As already described in Sec. 26, Item 3. brackets are computed to 
resist the load of the crane girder Q. Formula (212) is employed for 
computing bent-up bars. 

Examples of reinforcement for intermediate, crane supporting 
columns are shown in Fig. 150; inserted details (steel plates and bolts) 
are provided for connecting roof beams and crane girders. 


Sec. 41. STRUCTURAL TYPES OF ROOFS 

Roofs may be built either of straight bending members — with or 
without purlins — or canopied in the form of vaulted or plicated 
shells. 

When there are no purlins, the roof deck is laid in the form of 
giant precast panels, with spans of 6 and 12 m, supported directly 
on the girders (Fig. 151, a). 

When purlins are used they bear upon the girders and carry slabs 
whose spans are either 3 or 1.5 in (Fig. 151, /^). 


I. Roofs without Purlins 

Uninsulated roofs of industrial buildings are built of giant 6 3 

and 12x3 m prestressed reinforced concrete panels. Additional 
slabs, 6 xl.5 and 12 xl.5 m, are available as fillers. 

If the roof is to be insulated, giant reinforced foam-concrete slabs 
are used, 1.5 m in width, which serve the double purpose of decking 
and insulation. Another method is to place a layer of insulation over 
the first -mentioned reinforced concrete slabs. 

Reinforced concrete roof slabs are made of grade 200-400 con- 
crete and with longitudinal and lateral ribs (Fig. 152). As already 
stated in Sec. 26, such panels are computed and designed in the same 
manner as floor slabs. All roof panels, no matter what their width or 
length, are made with a minimum flange thickness of 25 mm. 

Giant reinforced foam-concrete slabs, after pressure-steam curing, 
have a dry density of 750 kg/m* and possess a minimum ultimate 
compressive resistance of 40 kg/cm*. Grade 150-200 heavy concrete 
is used for their ribs, which are reinforced with prefabricated blocks. 
Their flanges are reinforced with cold-drawn prefabricated mats. 
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Fig, 151, Structural types of roofs 
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The thickness of flanges (10, 12, 14, or 16cm) is chosen adcordingto 
required thermal resistance. 

In single-span bearing-wall buildings that have no monitors, the 
roofs are built of reinforced concrete segment-arch panels with tendons 
stretched around their perimeters (Fig. 152, d and g). 

Comparative design-evaluation factors for various types of giant 
roof panels are presented in Table 25, from which it may be seen 



Fig. 152. Roof panels 

fl-6x3 m of reinforced concrete; 6^6x1 -5 m of either reinforced concrete or lightweight- 
aggregate (blown-ceramic) reinforced concrete; c—6x 1 5 m of reinforced foam concrete; 
rf— 6x1-5 m and 9X1-5 m segment -arch reinforced concrete slabs; e— 12x3 m of reinforced 
concrete; /— 12x1-5 m of reinforced concrete; g— 12X1.5 segment-arch reinforced concrete 
slabs; h — 3X0.6 and 1.5x0. 5 m (laid on purlins) of cellular concrete, pressuie steam-cured; 
3x6 m (laid on purlins) of roll-pressed reinforced concrete 


that giant slabs of 3-metre width are the most efficient, since they 
satisfy the requirements of maximum precast sizes and their 3-metre 
width also excludes the possibility of a bending moment in the upper 
chord of the trusses, inasmuch as their loads are transmitted via 
the truss joints. 

Giant roof panels are placed with their end ribs bearing upon the 
main beams (trusses or girders); steel plates inserted in these latter 
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Comparative Design-Evaluation Factors for Giant Roof Panels 







* In reinforced foam-concrete slabs the numerator gives the thickness of the fosm concrete and the denomina 
♦or indicates the thickness of the heavy concrete 




are welded to angles similarly inserted in the ends of the panels. 
The sequence of laying the panels allows them to be welded to their 
supports at three corners. Their continuity is achieved by filling 
their joints with cement grout. 

Two structural alternatives are possible in the roof layout when 
the transverse bents are spaceJd at intervals of 12 m; 6-metre panels 
resting on under -girders or under -trusses, or 12-metre panels with 
neither under -girders nor under-trusses. In the first case the interme- 
diate spanning members supported on the under -trusses (or under- 
girders) create a 6-metre spacing for the roof decking (Fig. 151, c). 
The same type of girder or truss is u.sed for both the intermediate 
bearing members and the main beams of the bent. To achieve thisi 
the under -girders (or under -trusses) are correspori,dingly centred 
along the longitudinal grid centres. 

2 Roofs with Purlins 

For insulated roofs that are supported on purlins, use is made of 
3x0.5 m or 1.5x0. 5 m cell-concrete slabs (pressure steam cured), 
or insulation-covered rolled reinforced concrete ribbed slabs of 3- 
metre span and 6-metre width (Fig. 152, h and i). 

Table 26 


Comparative Design-Evaluation Factors for Purlin-Supported Slabs 


Kind of slab and 
its nominal 
dimensions, 
mm 

b. or, 

, mm 


E 

oi 

T3 


Index to amountj 
of materials 

Height of ri 
if a fat slat 
its thickness 

Weight, kg 
(total) 

Weight per 

b/) 

Ol 

oJ 

u 

c 

o 

c.; 

Kind of reii 
forcemeat* 

Transformed 
thick ness, 
cm 

Steel per 
m^ kg 

Flat slab of rein- 
forced pressure 
steam cured 

concrete (rein- 
forced foam-! 
concrete) 

3.000 X 500 ... 

j 

140-160 

172-196 

116-132 

?^^40 

St-3 

14-16 

5. 5-5. 2 

Ditto, 1.500x500 

140-160 

86-98 

114 t32 

^40 

steel 

Cold- 

14-16 

5. 2-5. 4 

Rolled reinforced 
concrete slabs. 
3,000x6,000 

90 

1,700 

95 

200-300 

drawn 

wire 

Ditto 

3.95 

3.05-4.45 


Prefabricated mats. 



Slabs of cellular concrete are made without ribs and from 14 to 
16 cm in thickness, depending upon required thermal resistance, and 
are reinforced with prefabricated mats. 

The purlin system of roof construction is ^Iso best for uninsulated 
buildings where corrugated asbesto-cement sheet -roofing is used 
(with such sheets, an underroofing layer is not required). 

Table 26 presents comparative design-evaluation factors for' var- 
ious types of purlin-supported slabs. 

As may be seen in Fig. 151, 6, 1.5- or 3.0-metre purlin spacings 
are employed. T- or channel-shaped purlins are used with 6-metre 
spacing of transverse bents (Fig. 153). Vertical rigidity ribs, spaced 
at intervals of 1.5 m, are introduced into prestressed channel-shaped 
purlins. 

Purlins are connected by means of bolts to angles which are welded 
to steel insertions disposed in the upper part of the girder or truss 
(Fig. 153, c). Such angles not only aid in the proper placing of the 
purlins, but also resist the inclined thrust of the load. 

The design diagram of a purlin is that of a uniformly loaded sin- 
gle-span beam. The normal component of the load (which is equal 
to q cos (p) causes the purlin to bend in its plane, while the inclined 
component (which is equal to q sin cp) will bend it intheplaneof 
the incline. To aid the resistance of the purlins against the action of the 
inclined component, they are connected by means of steel ties at the 
centres of their spans, for which purpose a hole is left in the 
concrete. In the ridge purlin the said forces are mutually neu- 
tralised. 

When the column spacing is 12metres, the under-trusses (or under- 
girders) reduce the spans of the purlins to 6 metres. 


3. Monitors 

Monitors are usually located in the middle of spans. Their con- 
struction consists of lateral monitor trusses and transverse bents 
(or posts) resting on the main beams of the main transverse bents. 
But whatever the type of framework, it is made to bear the moni- 
tor roof — either of giant panels or small purlin-supported slabs — 
with the side-slabs resting against the outer posts. 

The width of the monitor and the height of its fenestration are cho- 
sen according to lighting requirements of the given factory bay, but 
the most common width is 0.3-0. 4/. In order to standardise monitor 
construction, a 6-metre width is adopted for maximum 18-metre bay 
spans and a 12-metre width when the bay is 24 metres or over (Fig. 
154). 

Precast reinforced concrete monitor trusses are prefabricated in 
three parts which are connected in erection: if the overall width is 
6 metres there will be one strut -piece and two posts, the latter in the 
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Fig, 153. Reinforced concrete roof purlins 
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plane of the fenestration: but with a width of 12 m, it will be made 
up of three strut-pieces. The system of roofing for the monitor is the 
same as for the main roof of the building (\«ith or without purlins). 



Type II Typelil 

Fig. 154. Types of monitor frames 

The posts of monitor trusses are bolted to the main beam of the 
main bents during erection and subsequently the inserted parts oi 
their connections are welded together. 

4. Canopy-Type Roof Construction 

Buildings are very effectively roofed by means of thin canopy con- 
struction in the form of various types of composite (combined in- 
situ and precast) vaulted or plicated shells, especially when large 
unsupported areas are to be covered. In comparison with the beam- 
type roof, such canopies achieve a saving of at least 25% in steel 
and concrete. As regards cost, canopies are as yet more expensive 
than flat construction, but their material economy, as well as the 
great spans that they can roof, justify their use. If adopted on a 
mass scale, their cost should decline sharply and make them cheaper 
than flat construction. The best places to use such canopies is for 
buildings without overhead cranes. 

Fig. 155,a shows a two-way curvature shell thrown over a 40 x40 
area. The slabs which form this shell are 25-40 mm thick and ribbed 
about their perimeters. Four bordering arches with composite upper 
chords and precast -prestressed lower chords serve as stiffening di- 
aphragms. There have been two exam pies of this type of roof shelf built 
in Leningrad. Eight cm is the transformed thickness of the concrete in 
this shell and 11 kg of steel enter each horizontally projected square 
metre. 
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Fig. 155, b is a design for a roof without monitors to be built of 
composite, plicated multiple arches thrown over a 60-metre span. 
Each plication is arched in the plane of thespan (/, = 60 m) and has a 
breadth /,= 12 m. Each plicated arch is- assembled from 3x6 m 
prestressed ribbed slabs, with flanges rangirrg from 35 to 50 mm in 
thickness. Vertical mats are placed in the joints between the slabs, 
which are subsequently grouted with concrete. The tie rods of the 
arches are composed of stranded tensioned wire. The amount of 
reinforcement per m* of such a roof whose transformed thickness of 
the concrete is 8 cm, is 9 kg of bars. 


Sec. 42. BRACING IN FLAT ROOFS 

The vertical and horizontal brrcing included in the structural 
components of single-storey frame buildings have the following func- 
tions: 1) to lend rigidity to the roof as a whole, 2) to give stability 
to the compression flange of the girders of the transverse bents, 3) 
to resist wind thrust transmitted from the end wails of the building, 
4) to bear the braking forces created by the cranes. The entire system 
of bracing, acting together with the principal members of the 
frame, assure structure skeletal rigidity. 


1. Vertical Bracing 

As already stated, longitudinal horizontal thrust (wind acting 
upon the end of the building, crane braking, etc.) is taken up by 
the longitudinal framework, with the roof as a whole acting in the 
capacity of a main beam (Fig. 143,c). The roof slabs are interconnect- 
ed to the columns via the girders (or trusses) which in themselves 
possess very little rigidity outside their working planes. Hence if 
there were no bracing, the horizontal forces transmitted to the roof 
would cause considerable deformation of the girders outside their 
working plane (Fig. 156, a), while if a horizontal force were applied 
to one of the columns it would deform without obtaining any aid from 
the other columns (Fig. 156, b). 

Geometric stability is created in the longitudinal direction of the 
roof by the vertical bracing arranged along the line of the columns 
(Fig. 157, a). In the spans at the ends of the building or at compensa- 
tion joints, rigid longitudina^iaphragms are connected to the chords 
of the trusses and the tops of the columns, while in the intermediate 
spans of the compensation block longitudinal reinforced concrete 
spacers are installed at the top level of the columns. 

If the trusses are very high at their supports, either a diaphragm in 
the form of a reinforced concrete truss plays the role of longitudinal 
bracing, or steel angle cross-bracing is installed. If solid-web girders 
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are used, no longitudinal bracing is needed; instead, widened ribs 
are built at the bearings which wilt transmit to the columns the 
horizontal thrust received from the roof slabs. In the latter case the 
steel bearing plates of the girders and the steel insertions of the col- 
umns must be connected with a weld capable of taking the 
of these forces M-^Wh and the bearing load of the girder N (big. 

156,c). 


a) 



b) 




"V n,oof 

0 



i4=l 


Horizontal, 
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Fig. 156. Deformation of frame members due to horizontal 
thrust, ar>f1 design diagrams 


The rigidity of the columns is improved along the loiigitud- 
inal line of the building frame by the installation of vertical brac- 
ing between the central columns of the compensation block (big. 
157 a)- this cross-bracing is made from steel angles, the gussets 
of which are welded to the inserted details of the columns. 


2. Horizontal Bracing Along the Lower Chords of Trusses 

The thrust of the wind upon the end of the building causes the end 
wall to bend. To reduce the bending force, the roof is made to act 
as a horizontal support for the wall. But if the building 
and has very long spans, the horizontal support for the wall should 
be arranged at the level of the lower truss chord; to do this the lower 
chord must be braced, otherwise it will not be able to support the 
wall horizontally. Such a horizontal support is achieved by rneans 
of a system of iross-bracing (of steel angles) connecting the tower 
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Fig, 157, Schemes of horizontal roof bracing 

(i_verttca1 bracing; 6->lower-chord horizontal bracing; c— upper-chord horizontal bracing; 

d— moni tor brad ng 


chords of the first two trusses at the ends of the building /Fig. 157, 
b). The thrust received by this bracing is transmitted, via the long - 
tudinal vertical bracing, to all the columns of the compensation block 
and thus delivered to the foundations. 


3. Horizontal Bracing Along the Top Chords 

When the structural system of the roof does not include purlins, 
the stability of the compression zone of the bents* main beam 
(girder or truss) outside their working planes is assured by giant 
roof panels, which are welded to the main beams. But a monitor will 
create a free, unstable length of the beam's compression zone equal 
to the width of the monitor, and if the compression zone should lack 
sufficient width it may lose its non-working-plane s/ability. 

This stability of the main beam’s compression zone is assured by 
the installation of horizontal bracirg in theend spans of each compen- 
sation block. As in the cases alreac y described, the bracing is made 
of angle irons which are connected, either through steel ties or rein- 
forced concrete spacers, to the ridge (Fig. 157. c). This cross-bracing, 
together with the upper chords (or flanges) of the two end main beams 
that are thus tied together, will form a horizontal truss that will also 
sustain the rigidity of the compression zone of the rest of the main 
beams. In this system the ties will be in tension while spacers will 
be in compression. 

If the monitor does not extend to the end of the compensation 
block, no horizontal bracing is required in the end spans inasmuch- 
as the reinforced concrete roof slab itself will then function in this 
capacity. The ties (or the spacers) must be connected to the roof of 
the end spans. 

When the structural system of the roof includes purlins and 
small slabs, the roof will posse.ss less horizontal-plane rigidity than 
with the non-purlin system; to overcome this shortcoming and in- 
crease the rigidity of the roof, the end spans of each compensation 
block must always be equipped with horizontal cross-bracing directly 
beneath the purlins. 


4. Monitor Bracing 

Steel bracing is used to create skeletal rigidity for the monitor 
trusses; this bracing will be vertical in the planes of the fenestration 
and horizontal in the line of the roof (Fig. 157, d). 


Practical experiments have proved that when the components of 
a reiniorced concrete roof of a frame building are well braced and the 
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inserted steel details properly welded and all joints grouted, the 
whole becomes a rigid horizontal diaphragm that binds all thecolumns 
at their tops into a single interconnected three-dimensional block. 


Sec. 43. OVERHEAD-CRANE GiftDERS 

Overhead-crane girders with spans of 6 metres may be cast either 
of ordinary, or of prestressed, reinforced] concrete. But only the pre- 
stressed variety is satisfactory for 12-metre girders. 

The T-shape is the best section (Fig. 158), the development of 
whose flange increases its horizontal rigidity against the braking ac- 
tion of the crane and also 
aids in its erection; subse- 
quently it presents better 
conditions for servicing the 
crane and its rails. 

If I -shapes are used, 
they are reinforced with 
bunched tendons; if the 
tendons are the endless 
type, the girder may be 
composed of two halves. 

Producibility of the gir- 
der and its erection re- 
quirements dictate that its 
length be not more than 
one column span and that 
it be connected together at 
each column (Fig. 159). 

Its strength must be computed on the basis of paired cranes of 
equal capacity, the dead weight of the girder and its rail also being 
included in the load. 

As may be seen from the design diagram (Fig. 160, a), the position 
of the paired cranes will determine the concentrated loads ^ 

load coefficient n and a dynamic coefficient are to be included 
in the vertical design loads of the cranes: 

^max“^dyn'^^max* 

The crane girder’s horizontal design load as caused by transverse 
braking thrust (with two wheels on one rail) 

Crane loads are mobile and may therefore occupy any position 
along the length of the crane girder; this requires that concentrated 
loads be assumed in the position along the girder’s length that pro- 






rig. 158. Design cross-sections of an over- 
head-crane girder 

for resisting vertical loads; for resisting hori 
zoiital thrust 
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duces the maximum forces M and Q for the girder’s cross-section. 
We already know that the greatest forces from a moving load are 
determined by influence lines, at whose apex one of the forces is 
charted. As may be seen from Fig. 160, ft, the loads are determined 
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ns. 159. Connectiop details for overhead-crane girders 


750— 


as the sum of the computed forces at corresponding ordinates of the 
influence lines: 

^^=f’,^/l + P,y2+etc.=2/'^/. 

The forces are determined for planes spaced at intervals of 0.1- 
0.2/, after which a greater -value diagram M and Q is plotted.* 
Furthermore, M and Q, corresponding to the dead weight of the 
girder and the crane rail, must be included in the calculations. 

* Tabulated greater values M and Q for the design of overhead-crane 
girders are presented in Supplement VI. 
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In Order to obtain the most economical bar area and sufficient 
rigidity, the usual height of the cross-section h will be found to equal 
1/6-1/8/ (which may be reduced to 1/10/- for a prestressed girder), 
the thickness of the upper flange /ifi = 1/7— ‘1/8 h, and the width of 
the flange bn = 1/20/. Standard heights of overhead-crane girders 
Tange from 600 to 1,400 mm with the intervening dimensions varying 
in multiples of 200 mm. 


O) Desian diaaram m rmno luirliU 



b) Influence lines M and for girder seclie/ix=a 



Fig. 160. Investigating an overhead -crane girder 

The entire T-section of the crane girder is taken for vertical-load 
resistance, while the rectangular section of the flange only is assumed 
to bear horizontal thrust. Although this horizontal thrust is actually 
applied to the top of the rail, eccentricity is ignored in the calcula- 
tions and it is assumed that the horizontal force is appKeJ to the 
horizontal axis of the flange. 

in verifying crane girder deformation, the specified loads are used 
without the dynamic coefficient. Deflection must not exceed 1/600 /. 
In general, deflection from the mobile load may be determined accord- 
ing to influence lines. Deflection in mid-span may also be approx- 
imately calculated through the formula 

f- ^ 

/ ■" 108 ’ 
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^here B— the member’s rigidity, determined through formulae 
already given in Chapter 111 if ordinary reinforcement is 
used, and through formulae presented in Chapter VI when 
a prestressed girder is used; 

jW—the maximum moment in the larger -moment diagram M. 

Not only must the girder be verified for deformation, but also for 
fissure formation and fissure widening. Fissure widths must not ex- 
ceed 0.2 mm when ordinary reinforcement is used. 


Section hf 



If the girder is to be prestressed, its fatigue limit must be calcu- 
lated inasmuch as the girder will be subject to 
Such calculations consist in comparing the stresses borne by the con 
Crete and tendons with corresponding fatigue-limit data 

At the present time tied reinforcement blocks are used for the 
effective re?nforcement of crane girders because in prefabricated bl^ks 
of Reinforcement the stresses become concentrated at the welded 
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points, cause fatigue of the metal due to an often repeated loading 
regimen, and eventually lead to a reduction of the member’s resist- 
ance. Perhaps this difficulty will be overcprne in the future through 
research in this field so as to allow the use of prefabricated rein- 
forcement blocks in overhead-crane girders. 

Fig. 161, a shows a 6-metre ordinarily reinforced concrete over- 
head-crane girder. Besides the inserted steel parts for its connection 
to the columns, it has 25-nim holes for hanging the trolley wires and 
also is furnished with inserted pieces of gas pipe for the rail con- 
nections. 

Fig. 161, b illustrates a standard 12-metre prestressed crane gird- 
er the design of which takes into account the stand-method of its 
fabrication; for this reason all tendons are extended to the ends where 
they are weld-anchored to the inserted steel parts. As may be seen in 
Fig. 159, a, the connections between girders, as well as to the columns, 
are made by welding of inserted parts. Joint spaces (between butting 
girders and between girder and column) are grouted with concrete. 

To insure horizontal stability and also for transmitting transverse 
horizontal thrust, ribs are welded to the upper inserted plates of the 
girder and to those of the column. 

The rail sleeper is reinforced with a channel on top and fastened 
to the girder by means of hooked rail clamps (Fig. 159, b). 


See. 44. IN-SITU CONSTRUCTION OF SINGLE-STOREY FRAME BUILDINGS 

The lateral frame (transverse bent), just as in precast reinforced 
concrete, is the principal structural unit of 'in-silu reinforced con- 
crete single-storey buildings, and supports either a beam-system or 
shell-type roof. 

In order to attain maximum economy in the selection of the type 
of main beam for the transverse bent, the span will be the greatest 
factor to be considerd (Fig. 147, a). Straight main beams are used for 
12-15-nietre spans, broken-line contours for 15-18 metre spans, 
arches without tie rods for 18-24 metre spans, and arches with tie 
rods for spans of 36 metres and over. Bents with broken-line main 
beams are best for short vaults, which are the most economical type 
of roof construction. 

The tie-rod girder does not allow horizontal displacement of the 
tops of the columns, lessens bending moments and shearing stresses 
in the members of the bent (Fig. 162, a) and thus simplifies its design. 
The same factors reduce the bending moment at the base of columns 
and also simplify the design of footings. Hence, as already stated, 
the main beam with a tie rod is the best for spans greater than 18 m. 
Still, not always is it possible to use tie rods: there are objections of 
fabrication, such as the need of too high manufacturing equipment, 
etc. 
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6 or 12 m is the usual spacing of transverse bents. These'create lat- 
eral skeletal rigidity, while longitudinal skeletal rigidity is assured 
through the interconnections of columns and the longitudinal elements 
of the in-situ roof. 

There are two ways of uniting the columns to the footings; fixed 
(restrained) and hinged connections. 

Fixed connections are very simple and economical and are imple- 
mented merely by connecting the bars protruding from the footing 
with those of the column. Therefore the more complicated hinged 
type of connection is chosen when the fixed type would result in too 





Fig. 162. Bending moments in single-storey transverse bents 


great a bending moment at the column’s base and too heavy a foot- 
ing for a given weak bearing soil; for with the hinged type there is 
no moment at the base of the column and the footing may be smaller. 

However, it must be kept in mind that a hinged base results in a 
greater bending moment in the main beam (Fig. 162, b), which must 
consequently be made somewhat heavier. 

Just as in an ordinary bending member, part of the reinforcement 
of the bent’s main beam must be extended to the supports at the 
negative zone and carried into the columns, which latter are rein- 
forced just as eccentrically compressed elements. From the columns 
the bars are in their turn carried into the main beam. 

Fig. 163, a shows a single-span transverse bent reinforced with 
spliced round bars, while a two-span prestressed bent, built in the 
German Federal Republic, is illustrated in Fig. 163, b. The tendons 
in the latter example consist of bunched high-strength wire placed 
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in thin-walled steel piping and subsequently tensioned against the 
hardened concrete. 

Special attention must be directed to the design of connections and 
other details; the positions of the bars ’must not only satisfy resist- 
ance requirements, but also be convenient for installation. 


1 



Fig. 163. Reinforcement for in-situ transverse bents 
a — spliced block; fr— bunched tendons 


As to mating details: inasmuch as experiments have resulted in 
the stress diagram shown in Fig. 164, a (the greatest tensile stresses 
occur somewhat away from the corner), the tension bars from the beam 
into the column, and from the column into the beam, must be 
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rounded at the corners and further continued for a length correspond- 
ing to the moment curve in each case. 

Considerable local compression takes place in the compression 
zone and it is best to make the inside corners in the form of gussets 
to relieve the stresses somewhat. The compression bars at these points, 



Fig. 164. Details of reinforcement of mating angles and hinged column bases 


both of the column and the beam, are also to be continued into each 
element, while the gusset is independently reinforced. Stirrups in 
the corners must be spaced as close as possible. 

Inasmuch as an addition of gussets complicates the work to a cer- 
tain extent, they are not adopted if the stresses in the bent are small. 


1 f — 2867 
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In obtuse connections such as the ridge, (Fig. 164, b), the forces in 
the lower (tension) bars create a resultant that bisects the angle and 
tends to straighten the bars and force out the concrete. The concrete 
may also be forced out at the top because of the same resultant of forces 
(only here the stresses are compressive). Special anchors must 
therefore be provided in the ridge to counteract this tendency. But 
if the angle is very obtuse (a> 160°) it will be enough to connect the 
stirrups to the bars and let the latter follow the line of the re-enter- 
ing angle. 

If the angle is sharper (a <160°) the lower tension bars are left 
separate for each mating half so that they cross each other and con- 
tinue into the concrete for a distance of at least 30d. 

The lateral bars must bear the resultant of forces in the effective 
reinforcement, which is a condition that gives us the formula 

cos p > 2m,/?/, cos -y . (247) 

The number of stirrups that are accommodated along the BC side 
of the ABC triangle (Fig. 164. b) are entered in formula (247), but 
in any case the number of lateral bars along the length BC must be 
sufficient to take 35% of the stresses of the longitudinal effective 
reinforcement, that is 

Sm,/?/, cos p ^ 0.7m,/?,f ,cos y . (247a) 

The hinged bearing of the base of the column is achieved by an 
arrangement known as a semi-hinge. Here the cross-section of the 
column diminishes to 1/2-1/3 of its normal size, with either vertical 
or crossed bars enclosed in the concrete and lateral mats placed near 
the mating surfaces of the column and the footing. Longitudinal 
forces are transmitted to the footing via thereduced butt of thecolunin 
(Fig.l64,c). 


Sec. 45. COMPUTATIONS OF A TRANSVERSE BENT 
1. The Design Diagram 

The transverse bent of a single-storey building (Fig. 165,a) is 
subject to the following loads: 1) vertical loads from snow and the 
dead weight of the roof; 2) loads from the overhead crane (when the 
plant is so equipped), which are divided into vertical loads trans- 
mitted by the wheels and horizontal thrust caused by braking action; 
3) wind thrust, both negative and positive. In special cases seismic 
and other forces must also be coped with. 

The mating of the transverse bent’s column with the main beam 
and with the footings (fixed or hinged base) must be reflected in the 
design diagram. The column height is considered as the distance 
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from the top of the footing to the bottom of the main beam. Compu- 
tations of the transverse bent must reveal the forces in the column 
and determine its cross-section. If the supports of the main beam are 
hinged at the column, then it is computed just as an independent 
single-span girder (or truss). 



Fig. 155. Design diagrams and structural schemes of transverse bent 


2. Design Loads 

The load borne by one transverse bent will depend upon the dis- 
tance between bents. .... , * *. 

a) Vertical loads. The load N delivered to the columns at the 
supports of the main beams is calculated as being transmitted via 

the latter from the roof and monitor. 

The geographic location of the site and the area of the root will 
determine the snow load per m* of roof, which in its turn determines 
the load on the columns (also delivered via the mam beam 

at its supports). 

11 * 
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Both the loads N. and are considered as applied to the geo- 
metric centre line of the upper part of the columns (above the crane 
girder) and therefore transmit the load to the lower part of the 
column (below the crane girder) with an eccentricity 

g^_ ^iower ^ uppCT ^pjg 105 ^ (.fgate a moment 

Aig=N and 

b) Overhead-crane loads. It is assumed that two fully loaded cranes 
in close proximity to each other deliver their loads to the bent 
via the crane girder. The dynamic character of the cranes’ action is 
ignored in the bents. 

The cranes’ loads D are computed according to the influence lines 
of the reactions at the supports of the crane girder, where the great- 
est ordinate of the influence lines is equal to 1. The greatest load is 
obtained by assuming one of the loads as located directly at the 
support; under such circumstances the rest of the loads will be oppo- 
site corresponding ordinates of the influence lines, depending upon 
the distance between wheel centres (Fig. 165, c). 

Moreover, the dead weight of the crane girder (0^,,^^,) must be 
included. 

In this manner 

while at the opposite column it will correspondingly be 

^mln ^inia^y "F^glrdet. 

The loads D , andZ?„| are transmitted to the column (below the 
crane girder) with an eccenuicity e (Fig. 165, 6 ): 

for the outer column _ 

for the intermediate column e=K, and the corresponding moments 

and Al„, „e. 

The horizontal thrust upon the columns of the transverse bent is 
produced by the braking of the two already mentioned cranes (each 
of which has two wheels on each crane rail) working in close prox- 
imity and disposed in the same relation to the lines of influence as 
for the vertical loads, namely. 

c) Wind loads. The geographic location of the site and the intended 
height of the building will determine the wind pressure 9 wi„dPer m* 
of vertical surface of the walls and monitors. There will be a positive 
pressure on the windward side and a negative pressure under the lee. 
The walls will distribute these loads to the columns uniformly: 

P* lod ~ 9 w Ind^ > 

in which a— column spacing. 
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The pressure of the wind upon the monitor and upon the wall area 
situated higher than the columns is transmitted to the latter as a 
concentrated force W. 


3. Computation Procedure 

Since a transverse bent is a statically indeterminate system, its 
rigidity must first be determined before proceeding with computa- 
tions. The rigidity of the columns EJ is determined both in its up- 
per cross-section (above the crane beam) and its lower (below the 
crane beam) just as for a solid concrete section. The rigidity of the 
main beam is ignored because of its hinged bearing ppon the columns. 
To compute the columns’ rigidity, either tentative cross-sections 
must be assumed as already explained in Sec. 40, or a comparison 
made with an already designed building. Suffice it to say that for 
resistance computations of the transverse bent an exact rigidity value 
is not required, but only comparative values. 

The loaded columns of the bent will deform through a displace- 
ment of their tops, while the load-free columns will resist this dis- 
placement; hence the upper hinged support will become one of elas- 
tic displacement. 

Inasmuch as all the transverse bents of the entire compensation 
block are connected to the rigid horizontal diaphragm which forms 
the roof, they will act together as a three-dimensional system. 

But the vertical loads (snow and the dead weight of the roof) 
and the horizontal thrust of the wind are applied simultaneously to 
all the bents; under such circumstances they will not act as a three- 
dimensional whole within the compensation block but must be con- 
sidered as separate bents. On the other hand, although the greatest 
bulk of the crane load is applied to one bent, there will be displace- 
ment of all the bents, both loaded and load-free, because they are 
tied together by the roof and the loaded ones are aided by those not 
loaded. Therefore in computing the transverse bent against crane loads, 
the united action of the'cornpensation block may be taken into ac- 
count by a revision of the calculations as explained below. 

The best way to compute the transverse bent of a single-storey 
frame building is by the displacement method which, no matter 
what the number of bent spans, contains only one unknown A,, 
viz., horizontal displacement of the tops of the columns. 

The fundamental system is derived from the given design dia- 
gram by the introduction of a horizontal tie that prevents horizon- 
tal displacement of the bent (Fig. 166, o). In this fundamental system 
the columns are rigidly hinged at their tops. 

The fundamental system is subject to the action of the unknown 
which causes a reaction and bending moments in the columns (Fig. 
166, b). Then the fundamental system is loaded in succession with the 
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loads M, Br, and which result in respective reactions and 
bending moments in the columns (Fig. 166, c, d, and e). The valuer; 



of these reactions in solid col- 
umns having variable cross-sec- 
iions are found through the for- 
mulae presented in Supple- 
ment VII. 

For each kind of load an 
equation is formulated in which 
the reactions in the horizontal 
tie are equal to zero inasmuch as 
this tie is imaginary (does not 
actually exist in the scheme): 



Fig. 166 . Stress diagrams of the fundamen- 
tal system 

the sum of the reactions from 
of the unknown: 


in which r,,— the sum of reac- 
tions at the top of the column 
from displacement at the top 
when A,-=l; 

the coefficient of 
united behaviour of the trans- 
verse bent. If there is a crane 
load —4. In all other cases 

^vol 

y?ip— the sum of reactions 
at the top of the column from 
the loads. 

Displacement is found from 
the equation 


The bearing reaction at the 
top of the column, with due 
regard to the elasticity of the 
upper hinged bearing, will be 
the loads and the actual value 


B 


elastic 




Moment stresses in the sections of the column will be the result 
of the^load and the reaction at the support j^^^t as in the over- 

hang of a beam. 

If the bent has three or more spans, the upper supports of 
the columns are considered as fixed under the action of crane 
loads. 
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The stress diagram is charted on the transverse bent for each 
type of load, after which the forces M and N are tabulated for the com- 
puted sections of the columns and various loading schemes are tried. 
The dead weights of the roofing, main beam, and columns are always 
calculated as in their permanent positions, while the rest of the loads 
are taken in their most disadvantageous combinations, with due 
regard given to all loading combination coefficients and other sje- 
cial factors. 

When the forces M and N have been found, the cross-sections are 
determined according to eccentric-compression formulae, with the 
length of columns taken into consideration. Computation planes are 
usually taken at three places: 1) above the crane-girder bracket; 
2) below the crane girder; 3) at the top of the footing. If necessary, 
corrections are made to the trial dimensions. If in the corrections of 
cross-sections it is found that rigidity relations of columns have 
changed more than 3-fold, static computations of the bent must be 
gone over once more. 


Sec. 46. ILLUSTRATIVE PROBLEM 21: A TRANSVERSE BENT 

Compute a 2-span transverse bent for an industrial building (Fig. 167), 
equipped with 20/5-ton overhead cranes. 

Given: two 24-metre spans, transverse bent spacing is 6 m, H-columns, roof 
construction to consist of 8.4-ton reinforced concrete trusses and 2.8-ton 
reinforced concrete monitor truss, with cladding of giant reinforced concrete 


Reinforced 
concrete 
truss^ 

A 


Reinforced concrete 
panels 


Rein forced concrete truss for monitor 
Side stab of monitoi 


Is 



- 22,500 


I'^^Re info reed concrete 
overhead -crane 
girder 


Reinforced concrete 
column 
ZUQOO 



rig. 167 . Cross-section of a building 


slabs, 3 metres wide; crane girders of reinforced concrete, dead weight equal 
to 5 t; finished cladding of composite roofing with an under-insulation of foam 
concrete y = 400 kg/m* and 10 cm thick; wind thrust in accordance with geo- 
graphical region I, snow load in accordance with region III. 

a) The design diagram is shown in Fig. 168, a\ height of columns from 
the crane-girder bracket to the bottom of the main beam is equal to 2.6 1.25 = 


11 -^ 
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— 3.85 m; froni the top of footing to the crane-girder bracket it is equal to 
1.25 + 0.5 = 7.25 m; total height is equal to 3.85 + 7.25= 11.1 m. 
b) Loads. Specified dead loads p:r m* of roof. 


Dead weight of giant reinforced concrete slabs . . . 130 kg/m* 

Moisture insulation 5 

Foam-concrete insulation, 0.1X400 40 

Asphalt underlayer, 2 cm 35 

Roll -type finished roofing 15 


gs — 225 kg m* 

Design dead load g = 225 X 1-1 =250 kg/m*. 

Reaction at the supports of the truss: 


94 

from dead weight of roof at a 6-metre transverse-bent span; "0.250 X 6 18 /. 

8 4 

from dead weight of truss 1.1— 4.6 t 

2 8 

from dead weight of monitor truss 1.1 = 1.55 t 

from dead weight of fenestration and base slabs (0.04 X + 0.16) 6 < 1.1 .= 1.85 t 


Total. 26 1 

Design dead load from roof on outer-row column A^ct"“- 26 t. 

Design dead load from roof on intermediate column = 2 < 26 = 52 t. 

Specified snow load per m* of roof. 

Snow p=l00 kg/m*; coefticient. depending upon roof outline, 6 = 1; 

Design snow load Psnnw 1^^ X 1-4= 140 kg m*. 

Ditto on outer-row column 

yV„„.w--0.HX6y- 10 (. 

Ditto on intermediate column 

/Vsnow-^ 2X10 = 201. 

Overhead- crane load. Crang span /(fane = / — 2?u = 24 — 2 X 0.75 = 22.5 m. 

With a 20-ton crane the specified load carried by one wheel (according to 
Ihe crane catalogue) p^3jj = 22 t. Dead weight of crane buggy is 8.5 t. Total 
weight of crane (with crane buggy) is 36 t. Wheel spacing along crane rail 
/( = 4.4 m. Minimum distance between wheels of two adjacent cranes /i = 6.3 — 
— 4.4 = 1 .9 m. 

Maximum design load of one wheel P,„jjf = 22X 1.3 = 28.6 t. 

Minimum design load of one wheel 

f n rv r 20 -4- 8 . 5 I p. (Yi 

Design braking force Prtrans“0.o — — 1.3_U.93t. 

Design load on a column from two adjacent cranes and from the dead 
'Weight of the crane girder: the. influence lines of the reaction at the support 
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of the crane girder shows a maximum ordinate equal to 1 (Fig. 169, a): 

+ 1.1:=L95X 28.6 + 5.5 = 61.5 1; 

D,ni„= 1.95X7.8 + 5.5 = 20.7 t; 

«/•= 1.95 X 0.93= 1.8 t. 


Wind thrust. The wind thrust at 
Q = 30 Ug/m^, and at a 20-metre height 



b] 



ri(f. 169. Loading diagram and column 
cross-sections 


I lO-melre height above the ground 
above the ground Q = 40 kg/m*. Aero- 
dynamic coefficients for windward wall 
surfaces and the surface of the first 
monitor k — +0.8; ditto for the leeward 
surfaces — 0.6; ditto for the wind- 
ward side of the second monitor 
^ = + 0.4, and ditto for its leeward 
side k = — 0.4. 

Design wind thrust per m* of ver- 
tical surface (Fig. 169, b): 

= kQn — . 0.8 X 30 X 1 -2 — 29 kg 'm*; 
q^ = — 0.6X 30 X 1.2 --=--2 1.6 kg/m*; 

= 0.8 X 40 X 1 .2 --■= 38.4 kg/rn*; 
q^ = ~ 0.6 X 40 V 1 .2 — 29 kg/m*; 

<75 = 0.4X40 X 1.2=- 19.2 kg/m*; 

= — 19.2 kg/m*. 

The design wind thrust borne by 
the columns of the transverse bent will 
be as follows: 

Uniformly distributed wind thrust 
from the walls and fenestration 

77, = 0.029 X 6 3 = 0.175 t/linear m; 
P2 = --0.0216 X 6 — 0.13 t/linear m. 

Concentrated wind thrust from 
that part of the wall situated above 
the columns and from the monitors 


W (0.0384 + 0.029) 2.65 X 6 + (0.0384 + 0.029) 3X6 + (0.0192 + 0.0192)3X6=3 
= 1,07+ 1.21 +0.68 = 2.97 t. 


c) Tentative column cross-sections. Rigidity compulations. 

The height of an H-column below the crane girder will be ~ //i„wcr^ 


or -^725 = 7.25-^:80 cm. The width b will be or ^725=36.253- 

3:^40 cm. The 40X60 cm H-section is assumed as valid below the crane girder 
for intermediate- as well as outer-row columns. . . 

The cross-sectional height above the crane girder is established structurally 
so as to be able to support the main beam without additional brackets and 
also to achieve proper clearance between the crane and face of the column. For 
the intermediate columns /iuprer — 60 cm, and 40 cm for the outer columns. The 
cross-sectional width 6 = 40 cm for the entire column height. Web thickness of 
the column is assumed as 12 cm. while flange thickness is taken as 10 cm above 
the crane girder and 20 cm below th^ crane girder (Fig. 169, c). 
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The moments of inertia of the cross-section of the outer column above the. 
crane girder 

j ^ ^ + 40 X 10'^ 1w^o I >2X20’ 


X >5’ ) : 


12 


: 19.5 X 10’ cm’; 


ditto for the intermediate column above the crane girder 


'=( 


40 X 10’ 
12 


-I-40X 10X25’^2 


12 V 40’ 


12 


= 57.1 X 10' cm*; 


<iitto for the section below the crane girder 


J — 


40 X 20* 


12 


-1- 40 X 20 X 30’ j 2 


12X40’ 

12 


: 155.8 ^ " 10* cm'. 


Relative column rigidity of outer column above Mhe craiu 
y7X 19.5 X 10* „4. 

/:X 19-5X10' 


57 I 

'’ditto for the intermediate column above tlie crane girder -r— ^-~2.8; 

10. 0 


ditto for the section below the crane girder 


155.8 _ 


girder 


d) Static computation of the transverse bent. The transverse bent is calcu- 
lated by the method of displacement The unknown is the horizontal dis- 
placement of the columns’ tops, and the fundamental system contains a hori- 
zontal lie that hinders this displacement. 

It is assumed that the fundamental system is subject to the unit action of 
the unknown A,— 1 (f"ig. 168, h), from which the reactions at the upper ends 
of the columns arc computed with the aid of the data in Supplement IV when 


3 85 

a=,-i..y = .,.3,5; 


•for the outer column 


k = 0.35’ ( X ' ) ~ 
e intermediate column 


3 V 8 


and 


il.lXl 1-6.3) 

3XB 


— 0.0132; 


11. P (1 4-0.08) 


: 0.0159. 


The coefficient of the canonical equation 2 X 6.0132 4 - 0.0 159 — 0.0423. 
When including the united behaviour of the transverse bents under v-raiie 
aoads. = 4 X 0.0423 0.169. 

The dead loads (Fig. 168, c)\ 

N^ — 26 t for the outer column whose eccentricity 


The outside moment at = — 26X0 2~ — 5.2 t/m.^ 
The intermediate column is axially loaded when 52 t. 

The reaction at the upper end of the left column 


B = 


3X5.2 (I - 0.35*^) 


2 X n.l (I +0-5) 


:0.48 L, 
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while the reaction at the upper end of the right column B = — 0.48 t, and 
the sum of reactions from tlse load /?,p will be . 0,48 — 0.48 = 0. Hence, the 
above computations of the reactions B are final. 

The bending moments in the sections of the left column will be (see Table 
27 for the numbers of the sections): 


= 0.48X3.85 = 1.85 t/m; = 1.85 - 5.2 = — 3.35 t/m; 
M 2 , = Q.48X 11.1—5.2=0.15 t/m. 


Dead weight of columns: the part of the outer column above the crane 
girder weighs 1.2 t; the intermediate column, also in its upper part, weighs 
1.6 t; the lower part (beneath the crane girder) of each column weighs 4.05 t. 
The longitudinal design force of the outer column 

1.1 =27.3 t; /V,, = 27.3 + 4.05 X 1.1 =31.8 t; 


ditto for the intermediate column 


/V,„ = yV,, = 52 + 1.6X 1.1 =53.75 t; A/j, = 53.75 + 4.05 X l-l --=58.2 t. 
Snow load (Fig. 168, d). 


The moment due to eccentricity Afsiiow = — 10X0.2 = — 2 t/m. 

The bending moments in the sections of the left column are evolved by 
multiplication of the ratio 


^snow ^ 

Afg “ — 5.2 


= 0.385, 


in which 5.2 is the dead- load moment; hence. 


Afio~ 1-35 X0.385 = 0.72 t/m; M, 2 = — 3.35 X 0.385 = — 1.3 t/m; 
Ala, = 0.15X0.385 = 0.06 t/m. 


The crane load Al,n.,x on the outer column (Fig. 168, c’): 


Eccentricity from the lorce on the outer column 

e = 0.75-*-^ = 0.35 rn. 


The outside moment at Mfnax = 0l.5 X 0.35 = 21.5 t/m. 

3 X 21.5(1 -0 352 ) 


The reaction /3 = - 


2X11.1(1+0.3) 


1.98 t. 


The force Dn,,-,, with an eccentricity e = 0.75 m, acts upon the intermediate 
column: 

A4^,„ = — 20.7X0.75-=— 15.5 t/m. 


The reaction 

__ 3 X 15.5 (1 - 0.35 ^) _ 

2 X II. 1 (1 +0.08) “ • 

The sum of the reactions /?,p = — 1.98 + 1.7 = — 0.28 t. 

The canonical equation (with due consideration for united action) 

0.169 A, -0.28 = 0. 

therefore A, = 1.65. 

The elastic reaction at the outer column ^elastic = — 1-08 + 1.65 XO^Ol 32 = 
= — 1.96t. 

Bending moments Afio = — 1.96X3.85 = — 7.6 t/m; Mj, = — 7.6 + 21,5 = 
= 13.9 t/m; M,i = — 1.96 X 1 1.1' + 21.5 = — 0.3 t/m. 
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The elastic reaction at the intermediate column = 1.7 4- 1.65 V 

X 0.0159= 1.73 1. ' ‘ ^ 

Bending moments; M,|,= 1.73 X 3.85 = 6.65 t/m; Al„ = 6.65 — 15.5 = 

= -8.85 t/m; A1„=1.73X 11.1 -15.5 = 3.7 t/m. 

The crane load on the intermediate column (Fig. 168, f). 

The eccentricity of the force Dmax ^he intermediate column e = 0.75 m. 
The outside moment at Aln,ax = — 61.5 X 0.75 = — 46 t,'m, and the reaction 

3.46(1 -0.35*) _ . 

2X11.1(1+0.08) 


The force D,nj,„ with an eccentricity e = 0.35 m, acts upon the outer column: 

A4n„„ = 20.7 X 0.35 = 7.3 t/m, 

... ,. „ 3X7.3(1-0.35*) 

and the reaction B= " 2 x 1 1. 1 (1 +0..3) t- 

The sum of the reactions = — 0.65 -|- 5 = 4.35 t. The canonical equation 
0.169 Aj -1-4.35 = 0, therefore A|== — 25.7, and the elastic reaction at the 
outer column /^elastic — — 0.65 — 25.7X0*0132 = — 1 t. 

Bending moments: = — 1 X3.85 = — 3.85 t/m; Aitt — — 3.85-f-7.3 = 

=r3.45 t/m; = 1 X 11*1 + 7.3 = — 3.8 t/m. 

The elastic reaction at the intermediate column 


^elastic —5 - 25.7 X 0.0159 -4.6 t. 
and the bending moments 

M,, =4.6x3.85-17. 7 t/m; 17.7 - 46 — 28.3 t/m; 

Mj,j=4.6x 11.1 — 46 -5.1 t/m. 

The braking thrust Br upon the outer column (Fig. 168, g). 

The reactionig==>- — — 0 87 t, and the sum of reactions 

/^jp=:= — 0.87 t, from which the canonical equation lakes the form of 

0.169A, -0.87-0. 

therefore A, =5. 15 and the elastic reaction at the outer column 
^eiasti.:= — 0*87 -f 5. 15x0 .0132-0.8 t. 

Bending moments: A4,o=Mi2= — 0.8x3.85 1 .8x 1=^ — 1.3 I rn; 

0.8x11.1 + 1.8x8.25=6 l/m. 

The braking thrust Br upon the intermediate column (Fig. 168, //;. 

The reaction B=- - V.'jlo 

1 .05 t. 

hence the canonical equation takes the form of 


0.169A, — 1.05=0, 


therefore A, =6. 2, and the elastic reaction at the intermediate column 
fieiastic=—l •05 + 6.2x0.0159—0.95. 

Bending moments: — 0*95x3.85+ 1.8x1= — 1.85 t/m; 

0.95x11.1 + 1.8x8.25=4.25 t/m. 
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Wind thrust at the left (Fig. 168, /). 

The reaction at the left column from a uniformly distributed load 
„ 3x0.175x11.1 (1 +0.35x0.13)1. ^ , 

8 (1+0.3) ^ 

Ditto at the right column 

^ 3x0.13x11.1(1+0.35x0.3) , , 

fi= 8(1 +0.3) =-0.46 t. 

The reaction at the tie from a concentrated load W=2.97 t will be 
2.97 t, and the sum of reactions 0.62 — 0.46 — 2.97=— 4.05 t; 

hence the canonical equation 

0.0423A, —4.05=0, 

therefore A|=96, and the elastic reaction at the left column 

_ 0 . 62 + 96 X 0 . 0 1 32=0 . 64 t . 

Bending moments; M,„=A1,2=0.64x3.85 + ^-^-^-^^^^-^^-^=3.75 t/m; 
A/2j=0.64 X 1 1 . 1 -{ 2 


The elastic reaction at the right column 

0 . 46 + 96 X 0 . 01 32 =0 . 8 t. 

0 13 v 3 85^ 

Bending moments: iQ=yW 12 — 0.8x3.85 ^ 2^“^ — =4.05 t/m; 

44 n Q II 1 I 0.13x11.1* , 

Al2i=0,8 X 1 1 . 1 -] ^2 


The elastic reaction at the intermediate column 


^dastic=''^6x0.0159--l,53 t. 


Bending moments: A^i()=Mj2—l . 53x3.85=5.9 t/m; 342^— 1 .53x 11 . 1 = 17 t/m. 

For clarity, as well as for easy verilication, the above static computations 
must then be composed into tabular form which includes moment diagrams of 
the various transverse bent loadings and design forces in the columns' cross- 
sections (Table 27). 

e) Determining bar area for the columns. Gathering design data: 200-B grade 
concrete, kg/cm*; bars of St-5 intermittently deformed steel, 

/?g=2,400 kg/cm*, Design length of columns above the crane girder in 

the plane of the transverse bent /y=2.5x 3.85=0.6 m, and ditto for the length 
below the crane girder /a=7.25 m. Area of cross-section F and the radius of 


gyration /*= 




+ for H -section will be: 
F 


for the 40x40 section', F= 1,100 cm* and /'=13.3 cm 

„ „ 40x60 section, F=l,350 „ ., r=20.4 

„ „ 40x80 section, F=2,150 „ „ /■=26.8 . 

Bar area is chosen through diagramaiic data as already explained in Sec. 14. 
The Outer Column. 

Section 1-0: 40x40 cm H -section, 

/W=9.8t/m, N=27.3U 



hence, long-column computations are required: 


1 


1 - 


27,300 i 960 

1 x4, 800 X 1 00 xT. i 00 V 1 0 
The qualified design moment 

35 X 1 . 37 -f- 20 - 4 


-,=1.37. 


M:--: 


35 + 20 -4 


9.8==12.3 t/m. 


When M = 12.3 t/m and /V=27.3 t, the diagram shows that ji=fi'=0.9^^i; 

0.009 X 1 , 100=9.9 cm^, which is satisfied by 3020 D (Fy=9.42 cni^). 
Section 1-2: 40x80 cm H -section, A4 = 13.8 t/m, 

.V =82.65 t; 
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" 26 . 8 ""' 


27 <35; 


q=l. 


The diagram shows that fjL=|.i'=0.2%; Fv—F^=0. 002x2, 150=4. 3 cm*, which 
is satisfied by 20 20 D (Fy=6.28 cm*). 

Section 2-1: 40x80 cm 11 -sect ion. Two combinations ol forces are calcu- 
lated: 

a) A4=.21.5 t/m; A/=97.15 t. 

Through the diagram 

(.i=^i'=:0.2%; 

b) M=24 t/m; iV~59.4 t, and the diagram shows that p— |i'=0.2P+, 
f'^.^Fj^O. 02x2, 150=4.3 cm*, which is satisfied by 2020 D (F^y=6.28 cm‘‘). 


The intermediate column. 

Section 1-0: 40x60 cm H -section, M=22.9 l,m, 

l; 


22.9 


_ 960 


" 71.75 ’ r 20.4 

1 


71,750 


= 47>35; 

- -1.33. 


1 x4,800x 100x1 


/ 960 

73^ V2t^ ] 


The qualified design momc^it 

32 + 30 — 4 


=27.2 t/m. 


From the diagram it is seen that |x=:ji' = l .1 %; F y=F^.=0. 01 1 x 1 ,350=3 
r-14.9 cm*, which is satisfied by 2028 D + 1020 D (Fy= 15.45 cm*). 

Section 2-1; 40x80 cm H-section, ^1=26. 35 t/iii, 131.55 t, and the 
diagram shows that |.i=ji'r--0.45%; F^.=Fj=0. 0045 x 2, 150=9.7 cm*, which is 
satisfied by 2028 D (Fy= 12.32 cm*). 

Section 2-1; 40x80 cm H -sect ion, M=26.35 t/in, A^ = 131.55 t, and the 
diagram shows that fi=^i'=0.4%; F^^=Fj=0. 004x2, 150=8. 6 cm*, which is satis- 
fied by 3020 D (F,=9A\ cm*). 

Computations are concluded by verifying the stability of the columns as 
members axially loaded out of the plane of the transverse bent, and also by 
checking their static behaviour under conditions of transportation and hoisting. 
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Design Forces in Column 


Load 

combinations 


Item 

No. 


Make-up 
of load 


M -diagram 


End 


1-0 


M N 


Main loads 


1 

Dead loads 

zA 2 

r-t 

1.85 

27.3 

2 

Snow 

f — 

1 

0.72 

10 

3 

Load from 
overhead crane 
Mniax on end, 
column 


—7.6 

— 


Ditto on 
intermediate 
column 


Load from 
overhead crane 
Br on end 
column 


Ditto on 
intermediate 
column 


Design forces 


max. 

M 

min. 

M 

max. 

N 


-3.85 


itl -3 


2.57 


—7.05 1 27.3 


37.3 


2.57 37.3 


Additional 
loads (all loads, 
with the excep- 
tion of dead 
weights are to 
be taken with 
a coefficient 
of 0.9) 


Wind thrust 
at left 


Wind thrust 
at right 


10 


Design iorces 



max. M 


min. M 


3.75 


1.05 


5.90 


—9.8 


36.3 


27.3 



Table 27 

Sections of Bents 


column sections | 

Intermediate column sections 

1-2 1 

2-1 1 

1-0 1 

1-2 1 

2-1 


N 

M 1 

N 

M 1 

N 


,v 1 

M 1 

N 

—3.35 

27.3 

0.15 

31.8 

— 

53.75 

— 

53.75 

— 

58.2 

— 1.3 

10 

0.06 

10 

— 

20 

— 

' 20 

— 

20 

13.9 

61.5 

—0.3 

61.5 

6.65 

- 

-8.85 

20.7 

3.7 

20.7 

3.-15 

20.7 

3.8 

20.7 

17.7 

61.5 

-28.3 

61.5 

5.1 

61.5 

±1.3 

— 

±6.0 

— 

— 



...... 

— 

- 

— 

— 

— 

±1.85 

- 



±1.85 

— 

±A . 25 

- 

11.85 

88.8 

1 5.91 

103.3 

1 19.55 

i 73.75 

1 0 1 73.75 

9.35 1 1,39.7 

— 4.65| 37.3 

1 —9.6 

52,5 

1 0 

73.75 1—30.151 135.25 

-0.55 1 98.9 

9.25 

98.8 

1 -0,12 

103 .3 

19.55 

Ti.lh 

0 

196.75 

0 

1 201.2 

3.75 

— 

18.0 

— 

5.9 

- 

5.9 

-- 

17 

1 

I 



—4.05 

— 

-17 

— 

—5.9 

i 

—5 .9 

- 

-17 

— 

13.8 

82.65 

21.5 

97.15 

22.9 

71.75 

5.3 

71.75 

26.35 

131.55 

-8.20 

36.3 

bei 

59.4 

—5.3 

71.75 

—32.4 

127.1 

— 15.8 

94.8 





CHAPTER XIV 

MULTI-STOREY FRAME BUILDINGS 
Sec. 47. GENERAL REMARKS 

1. In What Fields These Structures Are Used, and Their Details 

The number of floors in multi-storey factory buildings usually 
ranges from three to six, and total heights from 30 to 40 metres. 
Apartment and civic buildings are carried up eight to twelve storeys, 
but if it is a very tall structure it may have from 20 and more floors. 
The number of storeys in any of the above categories is not limited 
by the structural possibilities of reinforced concrete, but rather by 
practical requirements and the economics involved in construction 
and subsequent maintenance. 

The depth of storeys in multi-storey industrial structures is limit- 
ed by natural lighting requirements of manufacturing processes and 
may be as much as 36 metres, while in apartment houses and civic 
buildings 14-metre depths are usually the maximum. 

Column grids and storey heights are determined by requirements 
of standardisation of structural members and by unified dimensions 
of spans and heights (see Sec. 21). 

The principal structural elements in multi-storey buildings are 
the columns and girders, which as a whole constitute the reinforced 
concrete frame (see Fig. 78). Ribbed panels and flat slabs are both 
used for floor construction. In flat-slab floors the role of the girder is 
played by the slab itself, which forms a rigid diaphragm between the 
columns with the aid of the latter’s capitals. 

In buildings where the frame is entirely self-sufficient (Fig. 
170, a) the outer enclosure takes the form of a non-bearing curtain 
wall with the floor loads transmitted downwards via the exterior and 
interior columns. 

In buildings where the frame is only semi -sufficient, there are no 
exterior columns and the outer enclosure is built in the form of a bear- 
ing wall (Fig. 170, b). 

In general, multi-storey industrial buildings are built with self- 
sufficient frames, while apartment houses and civic buildings may 
have either self-sufficient or semi -sufficient frames. 
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2. The Structural Layout of a Multi-St6rey Frame Building 

The structural layout of a multi-storey frame building may be 
based on either of two fundamental systems aimed at achieving 
skeletal rigidity, viz., the rigid-joint frame, or the diaphragm- 
braced frame. 

In the rigid-joint frame the vertical loads and the horizontal 
wind thrust are borne by a reinforced concrete frame whose joints 
are rigidly fixed. 





I'ig. 171. Sketches of diaphragm- 
braced frames 

o— frame with rigid joints; d— frame with 
hinged column bases; c — frame with 
hinged girder supports 


In the diaphragm-braced frame the vertical loads are borne by a 
reinforced concrete frame but the joints may be either hinged or rig- 
idly fixed, while horizontal thrust from the wind or other sources 
is taken jointly by a vertical bracing diaphragm and the frame (Fig. 
171). Vertical bracing diaphragms in multi-storey buildings arecreat- 
ed by the walls of staircases, side and other transverse walls, and 
also by longitudinal walls. Horizontal wind thrust is transmitted in 
the following sequence; 1) the pressure of the wind is taken by the 
outer walls which act as beams with spans equal to storey heights 
and which transmit the thrust to their supports, i.e., the reinforced 
concrete floors (Fig. 172, a)\ 2) .the reinforced concrete floors act as 
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horizontal diaphragms, that is, as beams in a horizontal plane 
whose spans are equal to the distance between vertical bracing dia- 
phragms, which latter take the load (Fig. 172, &); 3) the vertical bracing 
diaphragms act as vertical cantilevers (restrained by the foundation) 
whose height is that of the building (Fig. 172, c). All the components 
of the building — frames, floors, and vertical diaphragms— are inter- 
connected by their welded insertions and the concrete filling of their 
joints. 



Fig. /72. Sketches of wind thrust transmission via the components of a diaphragm- 
braced frame in a multi-storey building 


In comparison with the rigidity of vertical diaphragms in their 
resistance to horizontal loads, the frame’s resistance (when the build- 
ing is the usual 30-metre height) to these same horizontal loads is 
comparatively small. Heijce, in the general behaviour of the three- 
dimensional system the vertical diaphragms bear almost the entire 
horizontal load and there are almost no bending moments in the frame 
from that source. 

In special cases when the building is very tall or possesses insuf- 
ficiently rigid vertical diaphragms, the distribution of horizontal 
thrust between the frame and the diaphragms (in accordance with 
their relative rigidity) can be established by static computation. 

Rigid joints are not a necessity in a diaphragm-braced frame be- 
cause geometric stability and skeletal rigidity are assured to the great- 
est extent by the stiffening diaphragms. 

Individual hinged joints are possible in the rigid-joint frame, 
but in such a case there must be no great decrease of the frame’s ri- 
gidity nor must there be any disturbance of its geometric stability. 
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In rigid-joint framework it is also possible to have the bases of the 
columns hinged so as to make up a series of single-storey frames su- 
perimposed upon each other (Fig. 171, b). 

The choice of one of the above structural layouts will depend 
upon the height of the building (number of storeys), its floor plan. 

Section 1-1 




Fig. 173- Plan and cross-section of a multi-storey building 


intended manufacturing process, methods of erection and other fac- 
tors. But in very tall buildings where skeletal rigidity plays a big 
role* in reducing vertical deflection caused by wind pressure, it is 
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best to use the diaphragm-braced frame. This will simultaneously 
solve the problem of girder standardisation in each storey, because 
when the frame is made to resist only vertical loads, the girders 
can be made all alike. On the other hand, if the frame is designed to 
also resist horizontal wind thrust, the result will be an ever-increas- 
ing bending moment towards the bottom and the necessity of a cor- 
responding increase of reinforcement jn the girders, and sometimes 
even an enlargement of the latter’s cross-section. 

In industrial structures requiring large unobstructed floor areas 
because manufacturing processes do not allow partitions that may 
play the role of bracing diaphragms (as for example in spinning 
mills, etc.), rigid-joint frames are used. As to the amount of structu- 
ral material, both framing systems are about alike. 

Fig. 173 illustrates a plan and cross-section of aniulti-storey fac- 
tory designed on the principle of a diaphragm-braced frame with 
ribbed-slab floors. Here the walls of the staircase, situated in the middle 
of the compensation block of the building, act as bracing diaphragms. 
The frames run transversely, while the floor panels are placed longi- 
tudinally and take the place of spacers between the columns (the 
floor panels are made with cut-outs to let the columns pass through). 
Compensation joints are formed by coupled rows of columns which 
divide the structure into compensation blocks, independent of each 
other in case of deformation. However, standard bearing members 
are retained throughout the whole building. 

A general view of the frame for an apartment house is shown in 
Fig. 170, a; it has ribbed floors, transversely placed frames, and cut- 
outs in the floor panels which are laid along the lines of columns. 
Here, as in the above example, the staircase walls play the role of 
vertical bracing diaphragms. 

A girderless type of frame is shown in Fig. 170, b. The giant 
floor slabs are bordered by ribs (which take the place of girders) 
supported upon the columns, such supports being considered as 
hinged bearings. Here again thestaircase walls act as vertical bracing 
diaphragms. 

Vertical bracing diaphragms are made in the form of storey-high 
reinforced concrete panels resting one upon the other and connected 
with each other by means of welded inserted steel parts. Such a dia- 
phragm is computed to bear horizontal wind thrust and vertical loads 
and acts as a cantilever beam rigidly fixed by its foundation. Later- 
al deflection from specified wind loads (thrust) 

/ ^ ^ 

' 2 , 000 » 

in which //—the height of the building from the top of the foundation 
to the floor of the uppermost storey. 
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Sec. 48. HOW TO DIVIDE A MULTI-STOREY FRAME INTO PRECAST 
COMPONENTS. CONNECTIONS OF SUCH COMPONENTS 

The division of a multi-storey frame into .precast components is 
schematically shown in Fig. 83; the girders are divided into straight 
pieces that fit between the faces of the columns, the columns in their 
turn being divided into corresponding lengths that are joined at planes 
somewhat above the level of the floors. Column components can 
be made two storeys in height, if allowed by weight and length, and 
connected at alternating floors. But whichever method of frame di- 
vision is chosen, it must posse.ss producibility and be convenient 
in erection. 

The design of girders and columns, as already presented in Secs. 
14 and 26, is valid for multi-storey frames, the only difference being 




Girder 




s 


Tendons in ducts 


-Column 


Fig. 174. A multi-storey frame with prestressed girders in 
which the tendons are tensioned against the hardened concrete 


in the construction of joints. Sec. 26 has already explained rigid col- 
umn-girder connections. The hinged type differs only in its upper 
longitudinal bars, which are placed as auxiliary reinforcement be- 
cause the joint does not undergo any bending moment. In hinged 
girder joints the bars of the supporting brackets are computed through 

formulae (212) and (213), assuming that 

In jointing the members of the frame, they may be simultaneously 
tensioned (Fig. 174); the girder tendons are let through ducts in the 
concrete (left especially in the course of fabrication) and then drawn 
against the hardened concrete. The position of the reinforcement, 
both in the length and cross-section of the girder, must correspond to 
bending moments for a continuous member. 

The column joint is subject to the forces N and M, as may be seen 
in Fig. 85. The shearing force Q is usually small in the column and 
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can be borne by the friction resistance of the joint. There are two 
principal types of column joints in multi-storey frames: hinged, in 
which the load is transmitted via the concrete, and welded, where load 
transmission is accomplished by the steel inserted parts together 
with the concrete. 

Columns with spherical hinged joints (Fig. 175, a) that were tested 
in the Central Scientific Institute of Industrial Construction have 
shown that if the workmanship is well done and the member proper- 
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hg. 175. Column connections in a multi-storey frame 


ly reinforced with lateral mats (perpendicular reinforcement) the 
strength of the joint is not inferior to that of the column itself. 
Such hinged bearings are especially recommended for heavily loaded 
columns. 

The spherical surface of the lower column is made convex to fit 
the concave surface of the upper column. The radius of the convex 
surface is taken as 1.2-1. 5 times the dimension of the bigger side 
of the column, while the radius of the concave end is made 2 or 3 cm 
greater. 

Lateral prefabricated mats are placed in several rows and at in- 
tervals of 5-7 cm along a length of the column equal to at least 
12 diameters of the column’s effective bars. All the mats must be con- 
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nected, either by welding or splicing, into a unified block; two ver- 
tically placed mats are used for this purpose. 

The longitudinal bars of the column are passed into the lateral 
mats. To this end, the first cross bar of the welded reinforcement in 
the column is placed 200-400 mm from the border of the reinforcing 
block. 

k welded joint that will transmit the load via the steel insertions 
and the concrete (Fig. 175, 6), is accomplished by contour welding of 
the steel plate, 10-12 mm thick, at the butt end of the column. 
Trueing of the columns, so as to centre the transmitted force of the 
load, is done by welding on 3-4-mm centering plates (with dimensions 
identical for the upper and lower columns) wnose edges are cham- 
fered in accordance with the height of the weld they are to grip. 
Intermittently deformed anchoring bars of 20d length are welded to 
the edges of the steel plates. The end of the column is reinforced with 
lateral mats just as in spherical bearings. 

Laboratory tests of such a joint have proved its reliability in the 
transmission of forces. The method of welding the plates along their 
contours allows the joint to receive a bending moment, although 
to a limited degree. 

If the bending moment is large, the welded joint for transmitting 
the load through the inserted parts and through the concrete (Fig. 
175, c) will consist of steel angles placed in the ends of the columns 
and welded to coupled longitudinal bars (also in the columns). Round 
connecting bars are inserted in the intervals between each coupled 
pair and welded to the effective bars of the column. For convenience 
in erection, short pieces of angle steel are welded to the steel inser- 
tions for the reception of bolts. 

The joint space is then packed with a stiff mortar mix and finished 
evenly with the face of the column. The finish is made with fine ag- 
gregate and applied upon metal lath. Theoretically such a joint makes 
the column a continuous unit, but it has a number of short- 
comings. It takes a bit too much steel for the inserted parts; further- 
more, theresponsibleworkmanshipthat it requires, and upon which the 
computed strength of the joint depends, cannot be definitely relied 
upon. 

The resistance of a spherical hinged joint (Fig. 175, a) is comput- 
ed by means of the following empirical formula: 

^ < '«^core (^pt+ 2 m 3 /?,Hp,rpe„. rein). (248) 

n which N — the longitudinal design force in the joint; 
f =b ft , — the area of the concrete core, limited by the outer 

core n,at ^^^ 3 . 

and dimensions of the mats (from 20 to 25 mm less than the 

corresponding sides of the column); 

Rpr-— design prism resistance of the column’s concrete; 
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/?,— design resistance of the bars in the lateral mats; 

l, /m-at (^1^ mat ~1~ ^2^tnat) 

H'pcn.en.rcin 

is the coefficient of perpendicular reinforcement of the mats, 
depending upon the volume ratio of mats and concrete; 
/„at— cross-sectional area of the mat’s bars; 
n, and n,— number of bars in the mat, longitudinally and cross- 
wise; 

s— distance between lateral mats along the column length. 

The resistance of a welded joint (Fig. 175, b) is determined by ap- 
proximate computations. Under the pressure of the concrete the end 
steel plates will bend because of 
their flexibility. Due to this, 
stresses sharply decrease beyond 
the contact surfaces of the con- 
crete and steel centering plates. 

By taking into account the plas- 
tic nature of concrete, it may 
be approximately assumed that 
the stresses are alike along the 
entire surface of contact, but 
are nil beyond its bounds (Fig. 

176). With this in mind it is 
considered that the pressure of 
the end steel plates is distribut- 
ed at an angle whose tangent 
is equal to 1.5, and the total 
area of contact 


^contact ^joiiit 

m which contact area of 

the weld around 
the joyit; 

F. — face area of con- 
tact of the 
centred plates. 

By taking into account the 
above-mentioned angle of pressure distribution of the end steel 
plates when their thickness is 6, it is found that 

Fi„i„,-2.56 12/z,+2 (b. - 56)1 = 56 (/i,-|-6. - 56); 

^(acc+(^^+36)(c-F36), 

in which 6, and A,— dimensions of the end steel plate; 

c and d — dimensions of the centred plate. 



Fify. 176. Normal stresses in the con- 
crete of a joint with centerinj^ plates 
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In order to limit local crushing compression in the concrete, 
the following condition must be satisfied.' 



_F 

contact 


< 2 , 


in which F — cross-sectional area of the column; 

^contact— contact area. 

In practice, the aforesaid condition is always observed if the di- 
mensions of the centred plate and 

If the joint should be only subject to the longitudinal force, then 
the design stress in the contact — , in which case the 

^contact 

stress transmitted to the joint via the weld 

=A/ ^ . (249) 

The thickness of the welded joint 


^lolnt 

in which Sljoiat — the full length of the welded joint, with poor 
weld penetration taken into consideration; 
design resistance of the weld. 

If the joint is subject to longitudinal forces and a moment, it will 
be under eccentric compression. If eccentricity is small (e,<0.15/i), 
the approximate method of calculation will resolve itself into the 
transmission of additional forces, caused by the moment, to the 

lateral welded joints • The sum of forces transmitted 

to the lateral weld of the joint 


A/ ^weld^i I ^ 

lateral 2 (6, -|- A,) A ' 

and the required thickness of the welded joint 


(250) 


u A^lateral 

ioint 0.7m|o|nt^weld^|olnt 


(251) 


in which — the length of the welded joint, with poor weld pene- 

tration taken into consideration. 

In most cases the bending moment may be decreased in the col- 
umn joints of multi-storey buildings by raising the joints close to a 
mid-ceiling height where, in accordance with the diagram M, the 
bending moment is almost zero. Such a position of the joints is also 
very convenient for erection operations. 
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Sec. 49. DESIGN OF MULTI-STOREY IN-SITU AND COMPOSITE 
(PRECAST AND IN-SITU) FRAMES 

Rigid joints are used in the design of in-situmuiti-storey frames 
The girders in such frames do not differ from those in ribbed floors! 
with the exception that a’t the marginal supports the girders are 
rigidiy connected to the columns (Fig. 177, a). 

The design of frame joints and the connections of columns to 
their footings, as presented in Chapter XI 11 for single-storey in-situ 
frames, is valid for multi -storey buildings. 



Fig. 177 . Joints in a multi-storey in-situ trame 


The design of an in-situ frame must anticipate the possibility of 
concrete splices made because of forced interruptions, such as at the 
end of the workday or when operations are transferred to another part 
of the site. In columns, concrete splicing should be done directly 
above the floor level, where it is convenient because the bars from the 
lower columns protrude for connection to the upward column (Fig. 
177, b). 

An in-situ reinforced concrete frame is shown in Fig. 178. When 
spans are very long or floors are very high, the frames should have 
self-supporting reinforcement blocks. Such blocks of self-supporting 
bars for a multi-storey powerhouse are shown in Fig. 179. Welded 
blocks for each girder span are prefabricated in the form of flat trusses 
and subsequently assembled into a three-dimensional system, tied 
horizontally at the top and bottom by means of zigzagging, as well 
as separate, bars. 

The blocks of reinforcement for columns are made in the same 
manner and consist of longitudinal bars, stirrups, and lateral ties 
placed in the side planes of the block. 

Composite (precast and in-situ) reinforced concrete frames are 
made with rigid joints, just as in-situ frames. An example of a com- 
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posite reinforced concrete frame with T-girders is given in Fig. 180, a. 
The stirrups of the girders are bared at their tops, as are a'so the up- 
per bars for the supports. Ribbed panels, with .12-cm spaces left be- 
tween their butting ends, are placed upon the girders. The rigidity of 
the joint between the girder and column is assured by the upper 
bars at the ends of the girders, for which an oval hole is provided in 
the column. 

After the placing of all precast members and providing of rein- 
forcement blocks in the longitudinal interspaces between the panels 



(slabs), the bars at the girders’ supports are welded and all spaces 
(both longitudinal and transverse) filled with 200-grade concrete. 
This latter operation assures eventual homogeneous action of the 
frame: individually placed panels will behave as continuous members 
under their loads and thus possess greater carrying capacity and ri- 
gidity than would otherwise have been the case, while the interspan 
sections of the girders will attain a T-section due to their mutual ac- 
tion with the floor slab, with a final overall height equal to the 
heights of the girder and slab. 

Fig. 180, 6 is a delineation of the mating of girders and columns in 
a composite reinforced concrete frame, carried out in accordance 
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with unified standards for elements of muUi -storey industrial build- 
ings. Here homogeneous action of all members is achieved as al- 
ready described, except that the girders haye- projecting shelves for 
the support of the slabs. The support bars of the girders are connected 
to the latter’s reinforcement blocks after having been let through 
the holes in the columns. 


Sec. 50. GIANT MODULAR BOX-FRAME BUILDINGS 


The principal structural elements of a multi-storey giant-modu- 
lar box -frame building are the precast wall panels, partitions and 
floors. The most typical examples of this kind of construction are 



*0T W790- 


Section /-/ 

— U- 1,060 
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fig. 181. A building made up of roll-pressed reinforced concrete block panels 
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found in box-frame apartment houses built without girders or col- 
umns and where all the giant panels are at least room-size. 

The principle underlying this construction consists in making 
full use of the carrying capacity of the walls and partitions in the 
erection of an average four- or five-storey building. The longitudi- 
nal and transverse wall and partition panels act as vertical bracing 
diaphragms and lend the whole structure excellent skeletal rigidity. 

One type of box-frame building, invented by N. Y. Kozlov, 
makes use of pressed, close-ribbed panels. These structures (Fig. 
181) have transverse bearing partitions and self-bearing outer walls. 
All the structural elements — 
partitions, walls, and floors — 
are made of doubled close- 
ribbed slabs with the ribs 
placed inward. The panels for 
the outer walls have thermal 
insulation placed between the 
doubled slabs, while the in- 
ner spaces of the panels that 
separate the various apart- 
ments have a layer of sound 
insulation (the panels acting 
as partitions within the apart- 
ments proper are not insulat- 
ed, but an air space is left 
between the doubled slabs). 

Floor panels are sound-insu- 
lated around their perimeters 
between the doubled slabs. 

Doubling of the panels is 
done at the factory with the aid of welded steel ties. 

The doubled-slab construction of the panels results in a division 
of structural functions in the floor: the lower slab rests upon the bear- 
ing partition as a bending member supporting its own weight, while 
the upper slab transmits its dead and live loads through its border- 
ing ribs (thus also acting as a bending member) by resting upon 
corresponding bordering ribs of the lower slab, with the insulating 
strip between the two. A detail of t-he bearing partition and divided 
floor slab is shown in Fig. 182. 

The ribs of all pressed types of slabs run in both directions, 
forming square coffers 300x300 mm on rib centres, and 70 mm deep 
(i.e., the ribs project 70 mm). The shell’s thickness ranges from 15 
to 30 mm, depending upon intended loads. The ribs are reinforced 
with flat welded reinforcement blocks. There is no reinforcement in 
the shell between the ribs. 

Another type of this construction, proposed by the Soviet engi- 
neer V. P. Lagutenko, differs from the other in that the transverse 
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Fig. 182. Detail showing how the hearing 
partition supports the floor 


reinforced concrete bearing partitions act as bending members in- 
stead of being subject to direct compressioo (Fig. 183, fl). These parti- 
tions are 4 cm thick, are bordered by ribs and may be pierced by doors 
if necessary. 

The floor panels of this alternate type also have divided struc- 
tural functions: the reinforced concrete room-size ribbed floor slab 
rests upon the lower horizontal rib of the bearing partition of the 
given storey, while the ceiling panels are carried by the upper hori- 
zontal ribs of the bearing partitions of the storey below. The ceiling 
panels are made of plasterboard (Fig. 183,fc). 



Each bearing partition rests only with its ends upon the parti- 
tion below, thus the load is transmitted only through the vertical 
ribs. The ribbed floor panel acts as a beam with a span equal to the 
distance between bearing partitions. The outer walls are formed 
by insulated reinforced concrete curtain-wall panels connected 
to the transverse bearing partitions by means of welded steel inser- 
tions. 

Both the floor and wall panels are reinforced with welded mats 
and blocks (Fig. 184), with additional bars placed around door open- 
ings. All units are manufactured in vertical moulds. 

Giant-modular box construction of thin-walled reinforced con- 
crete members for the erection of apartment houses is the most econom- 
ical in material, labour, and cost, and offers the highest standard 
of prefabricated design. 
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Sec. 51. COMPUTATION OF MULTl-STOREY FRAMES 
1. Vertical Loads 

The forces acting upon the frame of a multi-storey building 
include vertical dead and live loads, horizontal wind thrust, and 
sometimes other loads. Furthermore, buildings constructed in regions 
of seismic activity are required to cope with horizontal seismic 
forces of inertia. 

Multi-storey multi-span frame structures are usually built with 
a simple geometrical layout, in which the floors are equally loaded 
and the spans are either all alike (Fig. 185, a) or with a shorter axial- 
ly centred span (Fig. 185, &). 



Fig. 185. Design diagrams for multi-storey frames 


With such a simple geometrical layout all the joints situated 
along a given vertical line will have approximately the same angle 
of rotation, resulting in equal joint moments which decrease to zero 
in mid-height between floors (Fig. 186). This makes it possible to 
assume the design diagram of the multi -storey frame as a divided 
number of single-storey frames whose columns are half the floor 
heights and hinged at their ends. 
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Three such single-storey frames are then assumed as being sub- 
ject to vertical load calculations: the frame of the. upper storey, the 
frame of the intermediate storeys, and the frame of the ground floor. 
If the entire frame has more than three spans, it can nevertheless 
be assumed as triple-spanned for practical computations. Fig. 185 
gives the design diagram for such computations. 

Vertical-ioad calculations of the frame, in which account is tak- 
en of moment redistribution due to plastic deformation, are best 
carried out by using an equalised-moment diagram evolved from the 
loading schemes shown in Fig. 185; that is, with live loads placed 
in alternate spans. This will give maximum 
moments both in the girders and the columns. 

The moments thus derived at the ends of 
girders, with a possible load relationship of 

^ 5, will be about 30% less than the mo- 

ments in an elastic frame. 

Thus in this method the computation of 
a multi-storey multi-span frame is reduced to 
determining bending moments in single-storey 
symmetrical triple-span frames, loaded sym- 
metrically. Two unknowns are met with in 
such a frame when using the displacement 
method: the angle of rotation of the outer 
Joint and the angle of rotation of the inter- 
mediate joint. 

The moments at the supports, when all 
columns of a given storey have equal cross- 
sections, can be found by table*; the moment 
at the support of the girder 

^^ = {ag4-pp) I*. 

in which a, p~tabular coefficients, depending upon the loading 
scheme for the dead and live loads, and upon ttie 
ratio of* the sum of the columns’ linear rigidity 
and the linear rigidity of the girder, 
g and p — dead and live loads per linear metre of girder, 

/ — the span of the girder. 

The bending moment in the columns for each loading scheme is 
determined, according to the difference in the girders’ support moment 
and in proportion to the linear rigidity of the columns, as follows. 

For the frame of the upper storey: 

for the outer columns; 

^»rower=^ti — intermediate columns. 

• See Supplement VIII at the end of book. 



f ig. 186 . Vertical-load 
moment diagram for a 
line of multi-storey 
columns 
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For the frame of the intermediate stipirey; 

Af — Af — and 
M.lower-^u and 

^'^iiower = (^n — outcr columns; 

^tntupr “1“ fiinnAr 


Af, „„„=(Af„ — Af„)t — — for the intermediate columns. 

Mower "T“ ^ Upper 

For the frame of the ground floor: 




iower r * '^‘upper 

for the outer columns; 


Upper 

upper 




lower— Mower +*-5'upper 
1 . 5 /,, 


Xr 


— for the intermediate columns. 


Aowtr "}~ ^’^^'upper 

The bending moment of the lower restrained end of the columns 
at the ground floor will be equal to the bending moment at the 
opposite end. 

In the above formulae the expressions 
fgirder~~' '7 ~ '® linear rigidity of the girder; 


f, r=7^^' is the linear rigidity of the column below the joint; 

Mower 

. Jqj. column above the joint; 

‘upper / 

'upper 

flower and /„ppg, are the full lengths of corresponding lower and 
upper columns (i.e., the storey height). 

The bending moments and shearing forces in the interspan sec- 
tions of the girders are determined by regular methods as when 
computing a loaded single-span beam, and by the moments at the 
supports. 

After the completion of calculations a larger -moment diagram is 
plotted for the frame, as already explained in Sec. 26 for floor gir- 
ders. 

Girder and column cross-sections and their rigidity are tenta- 
tively determined through approximate trial computations for the 
frame, or are chosen by comparison with an already designed, or 
standard' type, structure. , 
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In the tentative calculations, the cross-sectional height of the 
girder is derived through the formula 


in which 


.=2/ 


M 


M=0 &-0.7M„ 


M, — the beam moment of the girder. 

The cross-sections of the columns are found by the following 
approximate formula: 

F,= 1.2-1.5-^. 

The moment of inertia of the girders’ and columns’ sections are 
determined tentatively as for a solid concrete cross-section. For 
an in-situ floor the girders’ moments of inertia are based upon a 
T -section whose width is equal to the full span of the frame’s columns. 

When the girder is freely supported (as in a diaphragm-braced 
frame), the moment of the 


vertical force Q in relation 
to the axis of the column 
(Fif 187, a) 

M = Qe, 

in which 


a) 


-2 h 

^ 3" ^brackct”F 
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^coii 
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column 
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t ^bracket 



'uppef^ 


Fig. 187. Investigating a column of a multi- 
storey frame 

a -structural scheme for a free end girder support; 
^-moment diagram of a multi -storey column 


-bracket— ^he overhang of 
the bracket, 

-the cross-sec- 
tional height of 
the column. 

In the intermediate col- 
umns a moment M at the 
joint will be created only 
when the girder has a one- 
sided live load (and when 
the spans are equal); hence, here the live load only is used in order 
to determine the moment, while in the outer columns the moment 
is computed on the basis of both dead and live loads. 

The bending moments in the sections of the column at the joints 
above and below the given girder (Fig. 187, b) are computed by dis- 
tributing the moment at the joint in proportion to the linear rigidity 
of the column; 

(252) 

(253) 


Xf M *lo.wer . 

^'o^«~^^lowcr-F«upr*r’ 

^ W + /upper* 
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When the columns of adjacent . storeys are similar in linear ri- 
gidity, the moments at the joints are equally divided between the 
columns, that is, 

^upper= Slower 

When the floor construction in a multi-storey frame building is 
the flat-slab type, column bending moments can also be computed 
through formulae (252) and (253), in which case M in the formulae 
wifi be the difference in the girders’ support moments when their 
live loads are considered as in alternate spans. 


2. Wind Thrust 

The horizontal forces P are assumed as being applied to the joints 
of the frame (Fig. 188), and the transverse force within the columns 
of each tier is determined by the following formulae: 

+^’„; 

Q^=P^+P^^- -fF„, etc. 

The transverse force at each tier is approximately distributed 
between the columns as dictated by the ratio of linear rigidity of the 



girders and columns. The values thus obtained are used in deter- 
mining the bending moments by assuming that the zero point of the 
moment -diagram in the columns is situated in the columns’ mid- 
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height (but in the ground storey the point is considered as 2/3 I 
from the lower end of the column). The sum of moments in a joint 
from the columns situated above and below is distributed between 
girders in proportion to their linear rigidity. 

If the columns of one storey possess equal cross-sections, the dis- 
tribution of the transverse force between them at each tier will be as 
follows; 

for the intermediate columns of the tier 

Q — Q . 

^intermediate pi 2(1 P) * 

for the outer columns of the tier 

Pouter” PQ intermediate* 

in which m — the number of columns in one tier, 

P — a coefficient taken from Table 28. 


Table 2S 

Values for the Coefitcient p in the Computation of Horizontal 
Thrust in the Frame 


Ground 

floor 

All other storeys when is: 

'lower 

4 

3 

2 

1 

0.5 

0.25 

0.9 

0.79 

0.75 

0.7 

0.62 

0.56 

0.54 


* /girjer—linear rigidity of the girder. 

'lower — linear rigidity of the column below the joint. 


At the ground floor the bending moments at the tops of columns 
will be: 

Aloufer — Qouter'J » ^intermediate ~Qi„termediate » 
ditto for the bottoms of columns: 


MreV = QouUr-|^; At&ediate = -|/,. 

For all the rest of the storeys the bending moments at the tops 
and bottoms of the columns will be; 

m=q 4- 
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CHAPTER XV 

SPECIAL KINDS OF STRUCTURES 
Sec. 52. RESERVOIRS 
1. Their Layout 

Reinforced concrete reservoirs are used for the storage of large 
volumes of potable, sanitation, and industrial water, petroleum prod- 
ucts, industrial acids, and other liquids, and also for sewage 
oxidation and settling tanks. 

Reinforced concrete reservoirs must not only be strong enough 
to safely hold their contents, but possess impermeability. For 
this reason special attention is given to the concrete’s density; 
moreover the interior surfaces of reservoirs are either gunite-treated 
or cemented, or a layer of soluble glass applied. If an aggressive chem- 
ical liquid (that eats the concrete away) is to be stored, the inte- 
rior surface is covered either with ceramic or glass tiles layed in 
acid-proof mortar. 

Prestressing of the concrete is the most effective way of assuring 
crack resistance and impermeability. The concrete used must be at 
least grade 200. Reservoirs built in this way will prove durable and 
economical. 

Both round (cylindrical) and rectangular forms are used for res- 
ervoirs, but the round is the more advantageous since with a given 
volume it has less surface area than the rectangular type. Furthermore, 
the round wall can be made thinner because it is subject only to axial 
tension, whereas rectangular walls undergo both tension and bending 
stresses. Hence round reservoirs are more economical and enjoy 
greater popularity. Although rectangular walls are used with very 
large reservoirs (more than 2,000 m’), still even in such cases the 
round form will prove more rational if prestressed construction is 
adopted. 

The height of a round reservoir is usually 0.3 of its diameter but 
not more than 4 or 5 m (which is also true of the rectangular type). 

The thin-shell dome, from 7 to 8 cm thick, is the usual type of 
reservoir roof (Fig. 189, a), the least amount of reinforced concrete 
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being expended in its construction. However, with a reservoir volume 
over 600 m* and a diameter greater than 15 m. dome formwork be- 
comes very complex and horizontal flat slabs are used instead (Fig. 
189, b). 

If precast construction is chosen for the roof, the best type will 
be horizontal ribbed slabs, no matter what the volume or form of 
the reservoir may be (Fig. 189, c). 

With a dome (cupola) roof, all loads are transmitted to bear- 
ing soil through circumferential expansion of the cylindrical walls. 


al b) 



Fig. 189. Cylindrical reinforced concrete reservoirs 

a -roofed with a dome; ^7— roofed with a horizontal flat slab; r— allernale desi^rn of a pre- 
cast roof: d— cross-section of a prestressed reinforced concrete ^all 


with no stresses whatsoever occurring in the reservoir bottom (as- 
suming that there is no subsurface hydraulic pressure). But when 
the roof is horizontal and rests on the walls and intermediate columns, 
the bottom is subject to bending action because of the reaction of 
the bearing soil, in which case the thickness of the bottom slab and 
its reinforcement must be determined by computation. 

For prestressed reservoirs a sectional design diagram is used: 
the walls are separated from the bottom and the roof by circumfer- 
ential joints (Fig. 189, d), a method which does not evolve large 
prestressing bending moments in the walls. 


12 * 


367 



The walls of pre’siressed reservoirs consist of a reinforced concrete 
core around which high-strength wire tendons are tightly drawn in 
an endless spiral by a special machine. This. post-tensioning opera- 
tion causes circumferential compression of the core. Annular tendons 
may also consist of separate bars connected to steel pegs and then 
tightly drawn with the aid of a manual long-handled spanner. The 
core, tendons and interior surface then receive a protective covering 
applied by the gunite method. 

The circumferential joints separating the wall from both the bot- 
tom and the roof must fulfil a double function: they must lend ad- 
justability to the wall when it is compressed by the tendons and at 
the same time must allow no breach of the reservoir’s impermeabil- 
ity. To do this, if the reservoir is for the storage of water the joints 
are tightly calked with cold bitumen mastic; but if petroleum prod- 
ucts are to be stored, an oil-resisting rubber ribbon is used for the 
calking. Impermeability of the lower circumferential joint may also 
be attained by the insertion of special steel seals. 

The concrete core may be assembled of precast curved slabs and 
the joints filled with expansion cement. Subsequent drawing of the 
tendons will tighten the joints and assure impermeability. 


2. Computation and Design of the Walls of Circular Reservoirs 

Under the action of hydrostatic pressure the cylindrical walls 
of the reservoir are subject to circumferential axial tension. For 
reservoirs with a maximum volume of 100 m’ the tensile stresses are 
approximately determined without consideration of wall connection 
to the bottom and the roof. 

Let us investigate the wall of a small open cylindrical reservoir 
(Fig. 190). In order to determine the forces involved and compute 
the reinforcement, the wall is figuratively divided into rings, each 
a metre high, beginning from the bottom, in which case the assumed 
uppermost ring may be somewhat higher (i. e. wider) or lower than 
the others. It is known that the magnitude of hydrostatic pressure is 
equal to the weight of a liquid column situated above a given level. 
From this it is found that the design hydrostatic pressure for each of 
the rings will be as follows: 

p,=ny(l — 2), etc., 

in which I — the height of the assumed ring in metres; 

Y — specific gravity of liquids and which will be equal 
to 1 t/m* for water, 
n — a load coefficient of 1,1. 
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It has been established by Strength of Materials that if a radial 
pressure p be directed against a ring whose radius is r, the tension 
created in the cross-section of the ring 

7'“=:pr, (254) 

whence the circumferential design force in the cross-sections of the 
vertically situated rings 

T’o— p/; r“=p,r; 7'5=p,r; etc. 

The tensile forces T* are considered as being axially applied to 
the vertical cross-section of each ring, and the area of tension rein- 



ltd formation of wall when 
not connected to bottom 



deformed position 



Walt deformation af closed 
reservoir 





Centre line 




from pressure 
of sou 


from hydraulic 
pressure 


M-diagrams within wall 



from hydraulic From pressure 

pressure of soU 


Fig. 190. Behaviour o\ the loaded walls in cylindrical reservoirs 


forcement is determined for the height of each ring. But in a simpli- 
fied method, which gives a small positive error (towards an addition- 
al margin of safety) the reinforcement is determined according to 
the greatest force T® at the end of each ring, i.e., a stepped hydro- 
static diagram is used instead of a triangular one (see Sec. 15). 
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In computations of a large reservoir, the mating of its bottom and 
wall is taken into account. The bottom is considered as a tie that 
hinders free radial tensile deformation of the wall but deforms the 
latter in height. The result is that at the ccrnriection of the wall and 
reservoir’s bottom a bending moment M is produced that bends the 
wall vertically and causes a thrust H that lessens the magnitude of 
the circumferential force T*. 

The magnitudes of the contour forces M and H and the circumfer- 
ential force T can be derived, with due allowances for the connection 
at the bottom, through the following formulae: 



(255) 

( 1 L'i . 

m\ 2ml)' 

(256) 


(257) 


in which 

y rh 

is the rigidity of the cylindrical reservoir wall; 
p, — the magnitude of hydrostatic pressure at the 
foot of the wall; 

T " — circumferential force in the wall in accordance 
with formula (254), i.e., ignoring its connection 
at the bottom; 

T), and ti, — coefficients given in Table 29 and depending 
upon (f=tnx', 

X — the distance from the bottom to the cross- 
section under consideration; 

Table 29 

Coefflcients for Computing Cylindrical Reservoir Walls with 
Due Consideration for Their Mating with the Bottom 



An underground reservoir is subject to side pressure from the 
backfill. The lower ordinate of the pressure diagram 

p^=nykH. 
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and the upper ordinate 

p--nykh, 

in which H and h — depth of the overlayer, measured to the top and 
bottom of the reservoir, respectively; 
k — coefficient of side pressure, depending upon 9 
(angle of repose of the earth), i. e., 

*=tan*^45 — -I) ; (258) 

y — bulk weight of the earth; 
n — load coefficient, but not less than 1.2. 

Prior to the filling of the reservoir with liquid, the pressure of 
the ground will cause an inverted-sign contour force upon the walls, 
which, when p^^p, can be deter- 
mined by the following formulae: 

The possibility of a plus- or a 
minus-bending moment in the joint 
of the reservoir wall and its bottom, 
occasioned by various load forces, 
either when the reservoir is full or 
empty, must be provided for when 
determining the area of vertical 
reinforcement. The relieving effect 
of the earth backfill, when the res- 
ervoir has been completely filled 
with liquid, is usually ignored in 
the calculations. 

The walls of small reservoirs are 
made of equal thickness through- 
out their height. Practical consid- 
erations of construction do not 
allow this thickness to be less than 
8-10 cm. 

In a large reservoir the wall may be either of equal thickness 
throughout, or trapezoidal in cross-section (of course, thicker at the 
foot of the wall). 

Reinforcement of the wall will consist of annular horizontal bars 
arranged in one or two rows, and vertical bars (Fig. 191), the annu- 
lar bars being lap-connected according to standard requirements. 
The vertical bars serve the auxiliary function of installation steel 



Fig. 191. Wall reinforcement in a 
cylinv'lrical reservoir 


371 



and at the same time improve resistance to vertical bending mo- 
ments. The connection of the foot of the wail and the bottom of the 
reservoir is strengthened with tapered ribs. and additional bars to 
take tensile and bending stresses. 

in prestressed reservoirs the annular tendons bear circumferen- 
tial tensile forces T, while the vertical steel of the core is computed 
to resist the vertical bending moment M. Instructions in computing 
prestressed walls have already been given in Chapter VI. Annular 
reinforcement placed in the core is considered as auxiliary steel. 

The force of friction incidental to the connection of the 

bottom of the reservoir and the foot of the wall along the entire 
circumference is included when calculating circumferential tension 
T in the wall. Friction decreases the magnitude of circumferential 
forces but also produces a vertical bending moment: 

(26 1> 

T =- r* — (262) 

From formula (261) we evolve the maximum value of the moment 
produced at a distance of 

X— — — 0.6y rh 
Am 

from the foot of the wall. 

The magnitude of friction around the whole contour 

(263) 

in which N — design pressure from the dead weight of the wall and 
roof per linear metre along the circumferential length 
at the foot of the wall; 

— the coefficient of friction between the foot of the wall 
and the bottom of the reservoir. 


3. Rectangular Reservoirs 

The walls of rectangular reservoirs are subject to bending mo- 
ments in one or two directions and must therefore be made thicker 
than in cylindrical reservoirs. 

If the walls of a closed rectangular reservoir are very long they 
will undergo only vertical bending stresses (Fig. 192, a) and must 
be computed just as a beam partly restrained at the supports. 

In an open rectangular reservoir with transverse partitions 
(Fig. 192, b) the walls will act as slabs fixed on three sides and un- 
dergoing 2-way tension and bending stresses from the triangular 
hydrostatic load. If the transverse partitions are raised above the 
bottom so as to allow an even level of the reservoir’s liquid contents. 
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they will act as vertical supports for the walls but will themselves 
be subject to tension. The bottom of the reservoir serves as the walTs 
horizontal spacer. In a small reservoir (Fig. 192, c) the walls act as 
slabs supported on all four sides. 

Design Diagram 



d) longitudinal section 

1 3 Section 3-3 



I j \ M- diagram 

Fig, 192. Wall behaviour of rectangular reservoirs when subject to various loads 

All walls must be doubly reinforced, the bars being bent around 
the corners and carried from one wall into another. In very long open 
rectangular reservoirs (Fig. 192, d), the walls will behave just as 
cantilevered slabs and must be reinforced with effective vertical bars 
on their inner sides. 

Sec. 53. HOPPERS 

Hopper is a term applied to a structure used for storing bulk ma- 
terial, loaded at the top and discharged at the bottom. Its height is 
small as compared to its cross-sectional dimensions (Fig. 193, a). 

The dimensions are commonly limited to -y 1.5. Gravity discharge 

is accomplished by arranging the bottom in the form of a funnel with 
walls sloping 5% more than the angle of repose of the material being 
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handled. Most hoppers are rectangular in plan, but the round type 
is also possible. Individual rectangular hoppers can be banked to- 
gether into batteries (Fig. 193, b). Very lafgfe hoppers are sometimes 
built in the form of long cylindrical or plicated, units. 

Until recently in-situ reinforced concrete was the usual mate- 
rial for hoppers, but today the precast type is also being adopted, 
constructed of separate slabs assembled on the site by welding their 
inserted steel parts and grouting their joints. Giant ribbed panels 



Fig. 193. Reinforced concrete hoppers 
a and 6— In-situ hoppers; c and d— the precast type; e— pressure of bulk ma- 
terial upon the hopper walls 


are likewise used (with the ribs on the outside), mounted on special- 
ly designed girders (Fig. 193, c). In precast hoppers the type with 
the beam-supported slabs is the simpler form; the funnel’s sides are 
made of trapezoidal slabs placed at the desired angle, and if the hop- 
per has two sloping sides and two vertical ones (Fig. 193, d), it is 
built of rectangular slabs reaching from column to column, The 
ribs of the slabs are placed on the outside to form a smooth inner sur- 
face. Each slab can be made as large as the erection crane can handle, 
i.e., 5 tons and more. 
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Sec. 54. BINS 


Bins, just as hoppers, are also used for storing bulk material, 

u 

but their height is much greater than their width: ■^>1.5 (Fig. 194). 


Just as hoppers, they are loaded from the top and discharged 
from below. Bins are usually cylindrical in plan with diameters of 
either 6 or 12 m, but 
it is possible to make o) 


them rectangular in 
plan. A battery of in- 
dividual bins is made 
into a single structure. 
The structural ele- 
ments of a bin include 
its walls, bottom, roof 
and upper gallery. 

Reinforced concrete 



bins are customarily i) 
used as grain eleva- 
tors, cement and coal 
bunkers, and also 
serve the metallurgi- 
cal industry. 

In the past, bins 
have been built of in- 
situ reinforced con- 
crete with the use of 




sliding formwork, but 
at present precast 
methods have been in- 


Fig. 194. Reinforced concrete bins 

a - longitudinal section ol battery of bins; 6— layouts of 
bins in a battery: straight and diagonal; c- thrust of bulk 
material on a bin wall 


augurated by moun- 

ting prefabricated reinforced concrete rings (either circumferential 
or segmental units) one upon the other. Another possibility is pre- 
stressed construction with high-strength wire tendons drawn against 
the hardened concrete, as already described for prestressed reservoirs. 

Bin walls are subject to axial tension from the radial thrust of 
the bulk material. Their computation must include carrying capaci- 
ty, fissure anticipation, and fissure widening. Wall thicknesses in 
in-situ bins range from 15 to 20 cm, while their precast counterparts 
are about 35% thinner. 

One of the forces to be reckoned with in bin computation is 
friction, both within the mass of bulk material and upon the bin 
walls. Wall friction lessens the pressure of the upper strata of the 
bulk contents upon the lower and decreases the thrust against the 
bin walls. 
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Cold-notched bars; 

State Standard 6234-52 

Cold-drawn high- 

strength intermittently 
deformed wire; State 
Standard 8480-57 

Cold-drawn high 

strength plain wire; State 
Standard 7348-55 

Cold-drawn wire for 
prefabricated (welded) 
mats. State Standard 
6727-58 

Kind of bars 
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DN 

CD 

CH 

n 

Sym- 

bol 

4016DN 

a 

n 

D 

s 

X 

Cn 

n 

Example 
as used 
in work- 
ing draw- 
ings 


State Stand- 

Diameters of round bars in mm or No of intermittently deformed bars 3 rd 5401-50 



SUPPLEMENT III 

PROPERTIES OF PREFABRICATED (WELDED) MATS MADE OF 
COLD-DRAWN LOW-CARBON WIRE AND OF LOW-ALLOY 
INTERMITTENTLY DEFORMED WIRE (STATE STANDARD No. 8478-57) 
FOR REINFORCEMENT MATS 


Kind of mat 

Factory 
index 
of mat 

diameter 
of bars, 
mm 

Mesh 

size, 

mm 

Width of mat (be- 
tween centres of outer 
bars), mm 

— - 

Weight per roll, kg 

Symbols (see 

Fig. 17) 

d. 


V 

, u 

In rolls 

Longitudinal effective 
bars of cold-drawn 
low-carbon wire 

. 

3- 15/3 

4- 20/3 
4-15/3 

3 

4 

4 

1 

3 

3 

3 

150 

200 

150 

250 

250 

250 

\ 

1,400 

.1,500 

1,900 

2,300 

From 

100 

to 

500 

5-20/4 

5-15/4 

5.5-15/4 

5-10/4 

5 

5 

5.5 

5 

4 

4 

4 

4 

200 

150 

150 

100 

250 

250 

250 

250 

Lateral effective bars 
of cold-drawn low- 
carbon wire 

3/3-15 

3/4-20 

3/4-15 

3 

4 

4 

3 

3 

3 

150 

200 

150 

250 

250 

250 

\ 

1,400 

1,500 

1,900 

2,300 

From 

100 

to 

500 

4/5-20 

4/5-15 

4/5.5-15 

5 

5 

5.5 

4 

4 

4 

200 

150 

150 

250 

250 

250 

Lateral effective bar^ 
of low-alloy intermit- 
tently deformed grade 
25r2C steel 

4/5-15 

4/7-15 

4/8-15 

6 

7 

8 

4 

4 

4 

150 

150 

150 

300 

300 

300 

2,300 

iind 

2,650 

From 

200 

to 

500 

5/9- 15 
5/10-15 
5/9-10 

5/ 10- 10 

9 

10 

9 

10 

5 

5 

5 

5 

150 

150 

100 

100 

300 

300 

300 

300 

Effective bars in both 
directions, of cold- 
drawn low-carbon 
wire 

4- 20 

5- 20 

4 

5 

— 

200 

200 

— 

1 1,400 
and 
) 2,300 

From 

200 

to 

500 

5-15 

5.5- 15 
5-10 

5.5- 10 

5 

5.5 

5 

5.5 

— 

150 

150 

100 

100 

— 

12,300 

1 and 
(2,650 
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(Continued) 


Kind of mat 

Factory 
index 
of mat 

Diameter 
of bars, . 
mm 

Mesh 

•size, 

mm 

Width of mat (be- 
tween centres of outer 
bars), mm 

Weight per roll, kg 

Symbols (see 
Fig. 17) 



V 

u 

Flat mats with longitud- 

8-20/5 

8 

5 






inal effective bars of 

8-15/5 

8 

5 




■■■■■ 


low-alloy intermittently 

9-15/5 

9 

5 

150 





deformed grade 25r2C 

10-15/5.5 

10 

5.5 




CjETStSV 


steel* 

9-10/5.5 

9 

5.5 







10-10/5.5 

10 

5.5 






Flat mats, with effective 

8-20 i 

8 



IR 





bars in both directions. 

8-15 

8 

— 

■ $ 

— 


■■■■ 


of low-alloy intermittently 

9-15 

9 

— 

I ^ 

— 




deformed grade 25r2C 

10-15 

MEM 

— 

■ ^ 

— 




steel * 

9-10 

9 

— 

■ R 

— 





10-10 


— 

m 

— 





* Length of flat mats between centres of outer lateral bars /I <9,000 mm. 


DESIGN CROSS-SECTIONAL AREA OF BARS AND THEORETICAL 
WEIGHT PER LINEAR METRE OF PREFABRICATED MAT 


Factory index of mat 

Design cross-sectional 
area of lateral bars in 
cm* per linear rti 

Design cross-sectional area 
of all longitudinal bars 

in cm* for the following 

mat widths, mm 

Theoretical weight per 
linear m of mat in kg 

for the following mat 

widths, mm 


im^ 



2.650 




2,300 

2,650 

3-15/3 

0.29 

0.78 


HBi 

1.2 


0.94 

0.97 

1.22 

1.49 


4-20/3 

0.29 

l.O 

1.13 

1.38 

1.64 

— 

1.12 

1.24 

1.53 

1.82 

— 

4-15/3 

0.29 

1.38 

1.38 

1.76 

2.14 

— 

1.41 

1.44 

1.83 

2.21 

— 

5-20/4 

0.5 

1.57 

1.76 

2.16 

2.55 

— 

1.8 

1.99 

2.46 

2.92 

— 

5-15/4 

0.5 

2.16 

2.16 

2.74 

3.33 

— 

2.26 

2.3 

2.92 

3.53 

— 

5.5-15/4 

0.5 

2.61 

2.61 

3.32 

4.03 

— 

2.62 

2.66 

3.37 

4.47 

— 

5-10/4 

0.5 

2.95 

3.14 

3.92 

4.7 

— 

2.89 

3.08 

3.84 

4.6 

— 

6.5-10/4 

0.5 

3.56 

00 

CO 

4.75 

5.7 

— 

3.36 

3.59 

4.5 

5.39 

— 
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(Continued) 


cq 

E 

*0 

X 

^ c 

eq 

C CO 

?:355 

Design cross-sectional area 
of all longitudinal bars 
in cm* for the following 
mat widths, mm 

Theoretical weight per 
linear m of mat in kg 
for the following mat 
widths, mm 

'a 

c 

>-• 

L. 

"o 

cq 

lu 

c/) ^ < 1 ; 

(/» rj 

o 'S •- 

u- cq « 
CJ — 

C *0 5 

" K e 

Q cq o 

1,400 

1,500 

1,900 

2,300 

2,650 

1,400 

1,500 

1,900 

2,300 

2,650 

3/3-15 

0.47 

0.5 

0.57 

0.64 

0.79 


0.93 

1.02 

1.22 

1.48 

1 

3/4-20 

0.63 

0.5 

0.57 

0.64 

0.79 

— 

1.11 

1.21 

1.47 

1.78 

— 

3/4-15 

0.84 

0.5 

0.57 

0.64 

0.79 

— 

1.35 

1.47 

1.79 

2.17 

— 

4/5-20 

0.98 

0.88 

1.0 

1.13 

1.38 

— 

1.81 

1.97 

2.39 

2.88 

— 

4/5-15 

1.3 

0.88 

1.0 

1.13 

1.38 

— 

2.17 

2.36 

2.88 

3.48 

: 

4/5.5-15 

1.58 

0.88 

1.0 

1.13 

1.38 


2.49 

2.71 

3.3 

4.0 


4/6-15 

1.88 




1.26 

1.39 




4.45 

5.0 

4/7-15 

2.57 

— 

— 

— 

1.26 

1.39 

— 

— 


5.73 

6.53 

4/8-15 

3.34 

— 

— 



1.26 

1.39 

— 

— 


7.16 

8.18 

5/9-15 

4.24 

— 

— 

— 

1.96 

2.16 

— 



9.47 

10.7 

5/10-15 

5.23 

— 

— 

— 

1.96 

2.16 

— 

~ 


11.2 

12.8 

5/9-10 

6.35 

— 

— 

— 

1.96 

2.16 

— 


- 

13.3 

15.2 

5/10-10 

7.85 

— 



1.96 

2.16 

- 



16.0 

18. 3i 

4-20 

0.63 

l.O 



1.64 

1.89 

1.5 



2.4 

2.82 

5-20 

0.98 

1.57 

— 

— 

2.55 

2.94 

2.35 


— 

3.81 

4.38 

5-15 

1.3 

— 

— 


3.33 

3.73 

— 

— 

— 

5.01 

5.68 

5.5-15 

1.58 

— 

— 


4.03 

4.5 

— 

— 

— 

6.07 

6.87 

5-10 

1.96 

— 

1 


4.7 

5.3 

— 

— 

— 

7.3 

8.32 

5.5-10 

2.37 



' 

5.7 

6.4 




8.85 

10.0 

8-20/5 

0.65 


4,52 

5.52 

6.53 



4.34 

5.33 

6.34 


8-15/5 

0.65 

— 

5.52 

7.03 

8.55 

— 

— 

5.13 

6.52 

7.92 

— 

9-15/5 

0.65 

— 

7.0 

8.9 

10.8 

— 

— 

6.29 

7.98 

9.7 

: — 

10-15/5.5 

0.79 

— 

8.65 

11.0 

13.5 

— 

— 

7.76 

9. 86 

12.1 

• — 

9-10/5.5 

0.79 

— 

10,2 

12,7 

15,3 

— 

— 

8.98 

11.2 

13.5 

. — 

10-10/5.5 

0.79 


12.6 

15.7 

18.9 



10.9 

13.5 

16.3 


8-20 

2.51 




6.53 

7.53 




9.75 

11.3 

8-15 

3.35 

— 

— 

— 

8.55 

9.55 


— 


12.9 

14.6 

9-15 

4.24 

, 

— 

— 

10.8 

12.1 

— 

— 

— 

16.3 

18.4 

10-15 

5.23 

. 

— 


13.3 

15.0 

— 

— 

— 

20.1 

23.7 

9-10 

6.35 

— 

— 

— 

15.3 

17.2 

— 

— 

— 

23.7 

26.9 

10-10 

7.85 




18.9 

21.2 




29.3 

33.2 
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Item No. 


SUPPLEMENT IV 

SPECIFIED AND DESIGN LOADS AND LOAD COEFFICIENTS 


Load considered 

Specified 
load in 
kg/m* 

Load coeffi- 
cient 

Design 
load in 
kg/m* 


a 

b 

c 

A. floor loads'. 

In lofts (equipment, ^^uch as ven- 
tilation plants, water tanks, mo 
tors, etc., are not included in 
this category) 

75 

1.4 

105 

In apartments, medical institutions 
(with the exception of waiting 
rooms and auxiliary halls, where 
many persons may gather), kin- 
dergartens and nurseries. Weights 
of corresponding equipment are 
included 

150 

1.4 

210 

In hostels, offices, schoolrooms, 
service quarters, and factory bays, 
including weight of light equip- 
ment 

200 

1.4 

280 

In the halls of hostels, service 
quarters, and offices 

300 

1.3 

390 

In dining halls of canteens and 
restaurants and in auditoriums, 
including weight of light equip- 
ment 

300 

1.3 

390 

In theatres, cinemas, clubs, school 
auditoriums and on stages, and 
in waiting rooms of railway and 
other transport stations 

400 

1.2 

480 

In industrial plants, warehouses, 
and shopi where merchandise is 
sold (the load given is the mini- 
mum, but loads must be comput- 
ed according to technological 
equipment, etc.) 

400 



In libraries and archives (the load 
given is the minimum, but loads 
must be computed according to 
actual weights) 

500 

At least 1.2, 

600 


but the coeffi- 
cient must be 
in accordance 
with either man- 
ufacturing 
specifications 
or actual data 
1.2 













( Continued ) 


6 

z 

B 

Load considered 

Specified 
load in 
kg/m* 

Load coeffi- 
cient 

Design 
load in 
kg/m* 



a 

h 

c 

9 

In auxiliary rooms of factories 
where there will be no heavy 
machinery or materials, and in 
passageways for light transport 
facilities (the load is given as 
the minimum, but loads must be 
computed according to actual 
equipment) 

200 

At least 1.2, 


10 

In vestibules, stairways, on balcon- 
ies and verandahs: 
a) in connection with Item Nos. 
2 and 3 

300 

but the coeffi- 
cient must cor- 
respond to either 
manufacturing 
specifica- 
tions Or actual 
data 

1.4 

420 


b) All other rooms 

400 1 

1.4 

560 

11 

B. Miscellaneous loads: 

Vertical loads and horizontal 
thrust of Cranes 

1 

Accord- 

1.3 


12 

Hydrostatic liquid pressure .... 

ing to 
specifi- 
cations 
Ditto 

l.l 


13 

Thrust and weight of bulk mate- 
rial . 

Ditto 

At least 1.2, 


14 

Gas pressure 

Ditto 

but the coeffi- 
cient must cor- 
respond to 
either specifi- 
cations or 
actual data 
Ditto 


15 

Dead structural weights, except 
those given in Item 16 ... . 

Ditto 

1.1 



16 

Dead weights of thermal insula- 
tion, either in the form of slabs or 
layers 

Ditto 

1.2 

— 


Notes. 1. Wind thrust and snow loads are dictated by geographical regions 
and building outlines. Wind thrust coefficient n=1.2. Snow load coefficient 
n=l.4. 2. -Dead >Veights of partitions are not included in floor loads and must 
be computed in accordance with actual data; this must include the construction of 
the partition, its manner of support upon the floor, and a load coefficient of 1.1. 
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SUPPLEMENT V 


BENDING MOMENTS AND SHEARING FORCES IN EQUAL -SPAN 
CONTINUOUS BEAMS WITH BOTH UNIFORM 
AND CONCENTRATED LOADS 

At a uniform load: 

M = (ag + Pp) Q = (Yfi + dp) 1. 

At a concentrated load: 

M = (aG + PP) Q = 


Double -Span Beams 


Loading diagram 

Interspan 

moments 

Moments 
at sup* 


Shearing lorces 

M, 

M, 

ports 

Mb 

Oa 

Q'b'“ 

QHgh. 

Qc 

imninHiiiiiiiinKiiiiiiin 

ABC 

0.07 

0.07 

—0.125 

0.375 

—0.625 

0.625 

—0.375 

iiii^ ^ 

0 096 

—0.025 

—0.063 

0.437 

—0.563 

0.063 

0.063 

1 

AAA 

0.156 

0.156 

—0.188 

0.312 

—0.688 

0.688 

—0.312 


0.203 

—0.047 

i 

—0.094 

0.406 

—0.594 

0.094 

0.094 

1 


0.222 

—0.333 

0.667 

—1.334 

1.334 

—0.667 


0.278 

—0.056 

—0.167 

0.833 

— 1.167 

0.167 

0.167 

i 

AA 

^ 3 3 


0.266 

—0.469 

1.042 

—1.958 

1.958 

—1.042 

A A 3 

0.383 

—0.117 

—0.234 

1.266 

—1.734 

0.234 

0.234 









0.100 0.025 0.400 — 0.600 0.125 0.125 — 0.025 — 0.025 



Interspan Moments at Shearing forces 

moments supports 




Interspan Moments at Shearing forces 

moments supports 







SUPPLEMENT Vi 


DATA FOR COMPUTATION OF OVERHEAD-CRANE GIRDERS 
with one crane OPERATING 

M—aPl 

Q^yP 







1.100 0.850 0.600 0.375 0.250 0.125 0.000 

% 250 —0 . 375 —0 . 600 —0 .850—1.100—1.350—1. 600 


1.250 1.000 0.750 0.500 0.375 0.250 0.125 0.000 

0.125—0. 250—0 . 375 —0 . 500 —0.750—1. 000 —1.250—1. 


1.150 
— 0.125| 

0.900 0.650 0.500 

—0.250 —0. 375 —0 . 500 

0.375 

—0.650 

0.250 0.125 0.000 

—0.900—1.150—1.400 

1..050 0.80n 0.625 0.500 

—0.125 —0. 250 —0 . 375 —0 . 500 

0.375 

—0.625 

0.250 0.125 0.000 

—0.800—1.050—1.300 
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SUPPLEMENT VII 

FORMULAE FOR COLUMNS WITH VARYING CROSS-SECTIONS 


Loading 

diagrams 



Reaction at 
supports B 

Bending moments 

M 



lower 

/•(i +*) 

—Ba 

—Ba 

—Bl 

3M (1 - a*) 
2/(l+/t) 

—Ba 

M - Ba 

M -Bl 

Br (1 — a) 
l+H 

O.ZBra — Ba 

0.3Bra — ba 

Br{l — 0.7a) — 
-Bl 

Zpl (1+afe) 

8(l+fe) 


^4—Ba 


pc^ (4/ — c) 
8/* (I + k) 

—Ba 

—Ba 


pc’* (5/ — c) 
40/»(l+/f) 

—Ba 

—Ba 




fe—a* 


lower 
u pper 


■) 
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SUPPLEMENT VIII 


DATA FOR THE COMPUTATION OF VERTICAL LOADS IN 
MULTI-STOREY FRAMES 


Table / 

Moments at the Supports in double-Span Frames (Upperipost Storey) 


Loading and stress 
diagrams 

m 

a-and P-moment coefficients 


M., 

/M„ 



0.25 


0.114 




0.5 

BKtFI 


— 



1 



— 


Lz * ^ 

1.5 

0.058 

0.097 


■■ 

giiTiuiiiiriiK/T 







0.25 

0.031 

0.068 

0.046 

0.008 

vk:?7r“5^ 

0.5 

0.045 

0.070 

0.037 

0.009 

M M ^ 

1 

0.059 

0.073 

0.027 

0.009 

■ 

1.5 

0.066 

0.075 

0.022 

0.008 


Table 2 


Moments at the Supports in Double-Span Frames 
(Intermediate Storey) 

M = (aff + Pp)/* 


Loading and stress 
d i a grams 

^lowerH"'^ upper 
^girder 

a-and p-rnoment coefficients 

Al„ 

M.. 

Mz, 

'Vi,. 

1 

ymiiiimMiTTTmiinTTnijy 






1 A /} 

0.5 

0.036 

0.107 

— 

— 

.r A-A 

1 

0.050 

0.100 

— 

— 

w\yA\yo\i 

2 

0.063 

0.094 

— 

— 

\ 1 1 

3 

0.068 

0.092 



cmmmTTTVff 



0.070 

0.037 

0.009 

\ 1 « 

0.5 

0.045 

1 JL 1 

1 

0.059 

0.073 

0.027 

0.009 

vwT~ mN 

2 

0.070 

0.076 

0.018 

0.007 

r^l r 

3 

0.074 

0.078 

0.014 

0.006 
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Moments at the Supports in Double- Span Frames 

(Ground Floor) 


Table 3 


Loading and 
stress diagrams 

* 1 oweT"t” U 5l u ppgy 

* girder 

a-and P-moment coefficients 

M,. 

M., 

M., 



u 

fnrnnniiiiii 

U 

y 

0.5 

1 

2 

3 

5 

0.029 

0.042 

0.056 

0.063 

0.069 

o.lll 

0.104 

0.098 

0.094 

0.091 

— 


\ 

n 

1 

\y2 

\ J 

r,l 

h*- 

1 iVO 

1 

0.5 

1 

2 

3 

5 

0.037 

0.051 

0.064 

0.070 

0.075 

0.068 

0.071 

0.074 

0.076 

0.078 

0.043 

0.033 

0.024 

0.018 

0.013 

0.008 

0.009 

0.008 

0.007 

0.006 

\ 

rr. 

1 i 

h 

n TT 



Table 4 

Moments at the Supports in Triple-Span Frames 
(Uppermost Storey) 

;M = (ag + M 


Loading and stress 
diagrams 

Oower 

^girder 

a-and p-moment coefficients 

* 

1 


j 


tK a a /I 

0.25 

0.5 

1 

i 1.5 

1 

0.025 

0.038 

0.052 

0.059 

0.099 

0.098 

0.095 

0.093 

0.093 

0.089 

0.086 

0.085 

— 


flmnnnniD^ onmnniiin^ 

/f ^ 1- 

0.25 

0.5 

1 

1.5 

0.032 

0.047 

0.061 

0.067 

0.059 

0.064 

0.069 

0.072 

0.034 

0.026 

0.017 

0.013 

— 

V. 

rrr 

< 


0.25 

0.5 

1 

1.5 

0.007 

0.009 

0.009 

0.008 

0.040 

0.034 

0.026 

0.021 

0.059 

0.064 

0.069 

0.072 

— 

Mi 

intnniiTfiu 
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Table 4 (Continued) 


Loading and stress 
diagrams 


a- and p-moment coefficients 





inniiiiiiinii/f 

1 0.25 

0.030 

0.069 

0.049 

0.015 


0.5 

0.045 

0.071 

0.039 

0.013 


1 

0.059 

0.073 

0.028 

O.Oll 

i i Tr 

1.5 

0.066 

0.075 : 

0.022 

0.009 


Table 5 

Moments at the Supports in Triple-Span Frames 
(Intermediate Storey) 

^ = (afir + M 


Loading and 
stress diagrams 


^tower "I" ^uPPer 


^Rirder 


M 


a- and [5- moment coeificients 


M, 


/VI, 


M 



0.5 

0.033 

0.098 

0.089 

1 

0.052 

0.095 

0.086 

2 

0.063 

0.092 

0.085 

3 

1 0.068 

0.089 

0.084 


sz 



0.5 

1 

2 
3 


0.047 

0,060 

0.070 

0.074 


0.064 

0.069 

0.074 

0.076 


0.026 

0.017 

0.011 

0.008 


cfinimuuD/^ 

FH-I 

fl!nnnmmK /> 


0.5 

1 

1 

1 

0.009 

0.008 

0.007 

0.006 

0.034 

0.026 

0.018 

0.013 

0.064 

0.069 

0.074 

0.076 

— 

0.5 

0.045 

0.070 ! 

0.039 

0.013 

1 

0.059 

0.073 

0.028 

O.Oll 

2 

0.069 

0.075 

0.019 

0.008 

3 

0.074 

0.077 

i 

0.014 

0.006 
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Table 6 


MOMENTS AT THE SUPPORTS IN TRIPLE-SPAN FRAMES 
(Ground Floor) 

M = (ag + Pp) /* 





